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PREFACE 

BY  SIR  ALFRED  KEOGH,  K.C.B.,  M.D. 

HON.  PHYSICIAN  TO  H.M.  THE  KING,  DIRECTOR- GENERAL 
ARMY  MEDICAL  SERVICE 

THERE  comes  a  time  in  a  long  campaign  like  the 
present  one  when  it  is  profitable  to  take  stock,  as 
it  were,  of  the  surgical  position,  to  apportion  values 
to  various  methods  of  treatment,  and  to  obtain 
some  appreciation  of  their  results.  Our  provision 
of  medical  supplies  and  personnel,  our  teaching 
of  war  surgery  in  the  Royal  Army  Medical  College, 
our  reasonable  anticipations  of  the  requirements 
of  warfare  must  necessarily  be  based  upon  the 
experience  of  the  past,  and  must  always  be  subject 
to  amendment,  to  curtailment  in  one  particular,  to 
extension  in  another,  according  to  the  experience 
of  the  present.  We  welcome  such  a  summary  as 
this  work  affords  of  the  surgical  experiences  and 
conclusions  of  one  who,  like  Major  Hull,  has  seen 
the  present  campaign  from  its  beginning  to  the 
present  date.  We  are  here  shown  the  distinguishing 
surgical  features  of  this  war,  the  evolution  of  the 
best  methods  of  dealing  with  the  septic  processes 
invariably  present,  the  improvements  in  immobi- 
lizing apparatus  for  gunshot  fractures,  and  many 
other  interesting  advances  in  surgical  technique. 
We  get  a  realizing  sense  of  the  amount  of  work 
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which  has  been  done  in  certain  branches  of  military 
surgery,  such  as  the  surgery  of  gunshot  wounds  of 
the  head,  of  peripheral  nerves,  and  of  the  blood- 
vessels. Those,  in  short,  who  are  familiar  with  the 
literature  of  war  surgery  will  find  in  almost  every 
chapter  matter  which  is  new  and  suggestive.  That 
the  views  expressed  herein  will  command  assent  in 
all  quarters  is  not  to  be  expected,  but  they  are  the 
outcome  of  practical  experience  and  careful  observa- 
tion, and  as  such  are  commended  to  the  profession 
at  large  with  the  hope  that  they  may  prove  of 
service  to  those  who  are  undertaking  for  the  first 
time  the  treatment  of  wounds  in  war,  and  who  can 
appreciate  the  value  of  any  help  in  fulfilling  so 
onerous  a  responsibility. 

ALFRED  KEOGH 
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THE  surgical  literature  and  experience  of  past 
campaigns,  the  teachings  of  Medical  Schools  and 
text-books,  have  alike  proved  strange  to  the  surgical 
practice  of  the  present  war.  At  the  beginning  of  the 
war  surgeons  found  themselves  in  a  strange  surgical 
land,  seeing  strange  sights  ;  previous  experience  was 
largely  thrown  aside  and  they  began  to  learn  anew. 

Sir  A.  Wright's  work  on  the  bacteriological  side 
and  recent  surgical  developments  have  revolu- 
tionized our  methods  of  treating  sepsis. 

The  object  of  this  book  has  been  to  give  members 
of  the  profession  who  have  not  had  experience  of 
war  surgery  an  account  of  the  treatment  which  has 
proved  efficacious  in  our  hands.  Symptomology 
and  details  of  treatment,  which  are  found  in  text- 
books of  general  surgery,  have  not  been  repeated. 
The  book  is  not  intended  to  be  in  any  sense  com- 
plete. Surgical  knowledge  is  presupposed,  and  our 
efforts  have  been  mainly  directed  to  recounting 
methods  of  treatment  of  the  more  common  injuries 
met  with  in  war. 

The  cases  quoted  are  not  included  merely  because 
they  are  in  any  way  remarkable,  but  because  they 
form  examples  selected  from  many  similar  cases, 
and  provide  a  convenient  method  of  illustrating 
treatment. 
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INTRODUCTION 

BY  LiEUT.-COLONEL  E.  M.  PILCHER 

D.S.O.,  F.R.C.S.,  R.A.M.C. 

MILITARY  surgery  is  the  surgery  of  gunshots,  using 
that  term  in  a  somewhat  elastic  sense  to  cover 
wounds  by  bombs  and  hand  grenades,  as  well  as 
by  projectiles  from  rifled  arms,  both  great  and 
small.  It  has  been  defined  as  the  application  of 
ordinary  surgical  principles  to  the  treatment  of 
wounds  in  war.  In  theory  this  is  an  admirable 
definition,  but  a  perusal  of  the  chapters  which 
follow  will  convince  the  reader  that,  as  usual,  the 
difficulty  lies  in  the  correct  application  of  the 
principles  to  practice.  What  makes  the 
distinction  between  civil  and  military  surgery  is 
the  immense  difference  in  the  conditions  in  which 
the  work  is  done.  The  civil  surgeon  chooses  his 
own  conditions  ;  the  military  surgeon  has  to  make 
the  best  of  those  in  which  his  lot  is  cast.  In  civil 
life  even  the  surgery  of  injuries  (which  nowadays 
forms  an  insignificant  part  of  a  general  surgeon's 
work)  can  generally  be  performed  under  conditions 
approaching  an  aseptic  ideal.  Even  the  rare  cases 
of  gunshot  injury  which  are  seen  can  usually  be 
placed  without  delay  in '  circumstances  where  rest, 
efficient  nursing  and  feeding,  and  ideal  antiseptic 
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ritual  can  easily  be  assured  to  the  sufferer.  The 
picture  presented  by  war  conditions  shows  a  very 
different  face.  The  wounded  man,  young  and  in 
the  height  of  training  perhaps,  but  often  exhausted 
by  the  fatigues  and  privations  of  campaigning,  is 
stricken  down  on  an  infected  soil  and  often  lies  for 
days  before  effective  surgical  aid  can  reach  him, 
and  has  then  to  be  submitted  to  the  shattering 
influence  of  long  and  often  improvised  transport. 
Proper  food,  good  nursing,  and  favourable  climatic 
conditions  may  all  be  absent.  The  surgeon's  diffi- 
culties too  are  such  as  are  particularly  trying  to 
one  accustomed  to  the  conditions  of  civil  duty. 
Hospitals  have  to  be  improvised,  immense  numbers 
of  wounded  have  to  be  adequately  dealt  with,  often 
with  inadequate  means,  difficulties  of  collection  and 
transport,  of  food  and  water  and  fuel  supply,  and 
of  surgical  material  have  to  be  met  and  overcome. 
So  that  the  opening  stages  of  all  campaigns  present 
difficulties  which  it  is  hard  for  people  at  home  to 
realize.  And  then,  finally  and  above  all,  the  nature 
of  the  wounds  themselves  place  them  in  a  class  by 
themselves.  The  manifold  variety  presented  by 
the  infected  perforated  wounds,  occurring  in  every 
part  of  and  involving  every  tissue  of  the  body, 
which  make  up  the  majority  of  gunshot  wounds, 
certainly  justifies  their  claim  to  be  considered  a 
special  branch  of  surgery,  putting  aside  altogether 
the  conditions  under  which  they  are  received  and 
must  be  treated. 

Moreover  every  campaign  in  the  matter  of  gun- 
shot injuries  must  be  considered  as  sui  generis. 
To  those  who  are  familiar  with  the  surgical  litera- 
ture of  past  campaigns  it  is  evident  that  all  possess 
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certain  features  in  common.  But  in  each  war  such 
general  factors  as  the  moral  psychology  of  the  com- 
batants as  influencing  the  intensity  of  the  fighting, 
the  numbers  engaged,  the  climatic  conditions,  the 
character  of  the  country,  whether  hilly  or  flat,  and 
last,  and  most  important  of  all,  the  nature  of  the 
weapons  employed,  will  combine  to  give  it  its  special 
features.  As  regards  the  present  campaign,  it 
seems  to  those  of  us  who  have  watched  with  sym- 
pathetic interest  and  admiration  the  work  of  our 
colleagues  at  the  front,  that  the  circumstances 
which  have  had  most  influence  upon  their  efforts 
and  which  give  its  character  to  the  present  cam- 
paign are  somewhat  as  follows  : 

1 .  First  there  is  the  mere  magnitude  of  the  cam- 
paign, which  ensures  the  presence  at  the  seat  of  war 
not  only  of  a  large  proportion  of  the  able-bodied  man- 
hood of  the  kingdom,  but  also  of  its  most  capable 
surgeons.     To  this  latter  fact  must  be  attributed 
that    atmosphere    of    healthy    controversy    out    of 
which  has  grown  a  body  of  opinion  which  finds 
expression  in  the  chapters  of  this  book.     It  has 
been  of  incalculable  value  to  the  practice  of  military 
surgery  that  those  who 'have  had  long  experience 
in  the  application  of  principles  of  surgery  to  practice 
should  now  be  guiding  the  counsels  of  the  Director 
of    Medical    Services,    and    by    the    well-deserved 
weight  of  their  honoured  names  have  provided  just 
the  authority  required  to  give  to  official  action  civil 
as  well  as  military  sanction. 

2.  The  second  notable  point  is  one  which  is  new 
to  military,  though  not  to  the  latest  developments 
of  civil  surgery.      In  the  South  African  War  the 
co-operation  of  the  bacteriologist   with  the  sani- 
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tarian  and  the  physician  was  looked  upon  as  a 
necessary  and  beneficial  development,  but  in  the 
present  campaign,  where  the  infection  and  the 
wound  are  indissolubly  linked,  it  seems  a  mere 
commonplace  now  that  the  surgeon  and  the  bac- 
teriologist must  go  forward  hand  in  hand.  The 
indispensable  work  of  Sir  Almroth  Wright  and  his 
colleagues  has  prepared  the  ground  for  a  rational 
treatment  of  gunshot  wounds.  Handicraft smanship 
we  do  not  lack,  but  the  combination  of  wound  with 
infection  has  presented  a  state  of  affairs  new  to 
many  of  our  ablest  surgeons,  new  and  even  para- 
lyzing to  their  best  efforts.  It  is  no  secret  that  the 
severer  forms  of  infection  were  at  first  subjected 
to  various  and  by  no  means  uniformly  successful 
forms  of  treatment.  Failure  even  gave  rise  in 
some  minds  to  a  suspicion  that  the  very  basis  of 
the  antiseptic  method  was  at  fault,  and  it  required 
the  steadying  influence  of  the  bacteriologist  to 
direct  surgical  endeavours  along  proper  lines  (see 
Colonel  Sir  A.  Wright's  "  Wound  Infections  "). 

It  may  fairly  be  said  that  the  South  African 
campaign  darkened  counsel  regarding  wound  infec- 
tions. Those  of  us  who  served  upon  those  vast 
and  only  partially  inhabited  plains,  under  those 
cloudless  skies,  and  in  that  magnificently  pure  air, 
saw  results  which  ill-prepared  us  for  a  campaign 
fought  in  weather  with  a  large  preponderance  of 
wet  days,  and  upon  a  soil  artificially  sown  with 
bacteria,  mostly  of  faecal  origin.  To  the  collabora- 
tion of  the  bacteriologist  then,  surgery  in  the  present 
war  owes  much  and  gratefully  acknowledges  its 
indebtedness. 

3.  A  third  factor  which   has   exercised  a  potent 
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influence  upon  the  surgery  of  this  war  is  the  nature 
of  the  weapons  employed.  No  doubt  to  many 
generations  to  come  it  will  be  known  as  simply  The 
War.  But  to  surgeons  it  will  be  known  as  the 
Pointed  Bullet  war.  It  is  not  the  first  campaign 
in  which  that  particular  bullet  has  been  used,  but 
it  is  the  first  in  which  it  has  been  universally  and 
exclusively  used  both  in  machine-guns  and  rifles. 
And  there  have  been  seen  all  the  enhanced  wounding 
effects  which  were  foretold  as  the  result  of  experi- 
mental work.  Speaking  generally  of  its  effects,  it 
may  be  said  of  the  pointed,  as  compared  with  the 
blunt,  ogival-tipped  bullet,  (1)  that  its  shattering 
effect  upon  bone  is  better  marked  ;  (2)  that  its 
tendency  to  turn  on  impact  makes  it  more  destruc- 
tive of  the  soft  parts  of  the  chest  and  abdomen  ; 
(3)  that  its  high  initial  velocity  and  flat  trajectory 
cause  so-called  "  explosive "  effects  at  longer 
ranges  ;  and  (4)  that  it  is  somewhat  more  liable 
to  break  up.  That  complaints  should  have  been 
made  of  its  "  inhumanity  "  is  not  surprising.  That 
kind  of  accusation  is  common  to  all  campaigns. 
But  that  our  enemies  (who  were  the  first  nation  to 
introduce  the  pointed  bullet)  should  publish  pompous 
diatribes  in  their  medical  Press  inviting  a  sym- 
pathetic world  to  help  them  curse  the  inhuman 
English  bullet  is  amusingly  surprising. 

Another  remarkable  feature  of  projectile  wounds 
is  the  increased  proportion  due  to  artillery  fire. 
Shrapnel  bullets  and  fragments  of  shell,  both  large 
and  small,  charged  with  high  explosives,  have 
accounted  for  a  very  large  proportion  of  the  wounds 
inflicted,  with  all  their  enhanced  liability  to  septic 
infection.  Of  a  similar  nature,  but  perhaps  of  a 
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lower  degree  of  severity  are  the  wounds  produced 
by  hand  grenades  and  bombs,  the  product  of  the 
unusual  conditions  of  trench  fighting,  with  which 
the  past  year  has  made  us  familiar. 

There  are  many  other  factors  of  general  influence, 
e.g.  the  statistical  one,  of  which  we  should  all  like 
to  know  something.  Here,  however,  we  are  at 
the  mercy  of  the  censor,  whose  discretion,  at  this 
stage  of  the  campaign,  must  not  be  questioned. 
Enough  has  bee.n  said,  however,  to  indicate  some  of 
the  general  influences  which  govern  the  character 
of  this  war's  surgery.  Of  the  changes  and  improve- 
ments in  detail  let  the  following  chapters  speak  for 
themselves.  Some  of  the  new  methods  are  due  to 
'the  general  advances  in  surgery,  some  to  personal 
handicraftsmanship.  Improvements,  indeed,  are 
still  being  made  daily,  and  it  cannot  be  pretended 
that  the  last  word  has  been  said.  But  it  is  hoped 
that  the  present  resume  of  current  practice  and 
experience  at  the  front  may  be  of  value  to  all  (and 
they  are  now  very  many)  who  are  serving  their 
country  in  a  surgical  capacity  in  her  field  armies. 

E.  M.  PILCHER, 

Lieut.-Col.  R.A.M.C. 

MlLLBANK, 

LONDON,  S.W. 


CONTENTS 

CHAP. 

PREFACE.    By  Sir  A.  KEOGH,  K.C.B.,  M.D.    .  v 

AUTHOR'S  PREFACE  vii 
INTRODUCTION.    By    E.     M.     PILCHER,     D.S.O., 

F.R.C.S.,  R.A.M.C.  ix 

I.  THE  BACTERIOLOGY  OF  WOUNDS  IN  WAR  1 

II.  THE  GENERAL  CONDITION  OF  THE  WOUNDED  16 

III.  TREATMENT  OF  WOUNDS  31 

IV.  THE  TREATMENT  OF  WOUNDS  BY  SALINE  SOLUTIONS      70 
V.  THE  REMOVAL  OF  FOREIGN  BODIES  82 

VI.  COMPOUND  FRACTURES  102 

VII.  GANGRENE  146 

VIII.  THE  TREATMENT  OF  GUNSHOT  WOUNDS  OF  THE 

HEAD  160 

IX.  INJURIES  OF  THE  SPINE  214 

X.  INJURIES  OF  BLOOD-VESSELS  232 

XI.   HAEMORRHAGE  247 

X£L.  GUNSHOT  WOUNDS  OF  JOINTS  266 

XIII.  WOUNDS  OF  THE  ABDOMEN  292 

XIV.^GUNSHOT  WOUNDS  OF  THE  CHEST  311 

XV.  THE      TREATMENT  OF     GUNSHOT    WOUNDS  OF 

PERIPHERAL  NERVES  348 

INDEX  385 


xv 


SURGERY  IN  WAR 

CHAPTER  I 
THE  BACTERIOLOGY  OF  WOUNDS  IN  WAR 

IT  would  be  impossible  in  a  work  of  this  nature  to 
attempt  more  than  a  general  survey  of  the  bacteri- 
ology of  wounds  in  war.  Nor  would  it  serve  any 
useful  purpose  to  do  so  since  many  details  of  the 
subject  are  still  undecided,  and  to  attempt  a  dis- 
cussion of  the  specific  part  taken  by  each  of  the 
numerous  varieties  of  bacteria  to  be  found  in  war 
wounds  would  lead  only  to  confusion.  The  following 
account  will  deal  with  the  question  generally  there- 
fore, treating  of  the  micro-organisms  in  groups 
according  to  the  nature  of  the  pathological  processes 
evoked  by  each,  and  paying  attention  more  to  matters 
which  affect  the  principles  of  treatment  than  to 
details  which  at  present  interest  only  the  bacteriolo- 
gist in  his  laboratory. 

The  bacteriology  of  wounds  in  war  is  that  of  the 
battleground.  In  other  words,  a  wound  may  be 
considered  invariably  to  have  received  a  dose  of  the 
germs  residing  in  the  ground  over  which  the  battle  has 
been  fought.  The  size  of  the  infecting  dose  depends 
on  that  of  the  wound,  the  extent  to  which  clothes 
and  skin  have  been  soiled  with  the  surrounding 
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earth,  the  amounts  of  these  which  have  been 
carried  into  the  wound,  and  the  soiling  which  the 
wound  receives  before  it  is  dressed.  The  subsequent 
behaviour  of  the  various  infecting  bacteria,  whether 
any  or  every  one  of  these  obtains  a  foothold  in  the 
tissues  and  calls  forth  pathological  processes,  depends 
on  many  factors  ;  some  of  these  are  common  to  all, 
such  as  dosage  and  the  vitality  of  the  tissues  with 
which  they  are  in  contact,  and  some,  peculiar  to  each 
group.  Thus,  speaking  generally,  staphylococci  and 
streptococci  establish  themselves  comparatively 
easily,  while  most  of  the  bacteria  which  are  respon- 
sible for  gas  gangrene  require  a  fair  amount  of  dead 
tissue,  on  which  to  nourish  before  making  their 
presence  felt. 

Since  much  of  the  fighting  in  the  present  war  has 
been  over  ground  which  is  highly  cultivated  (in  other 
words,  garden  soil),  it  is  easy  to  understand  that  the 
wounds  incident  to  it  have  been  infected  with  the 
bacteria  of  faeces.  These  comprise  a  somewhat  com- 
plicated collection  of  micro-organisms  which  can, 
however,  be  divided  up  into  a  comparatively  small 
number  of  groups  according  to  the  conditions  of 
growth  of  each  and  the  pathological  processes  which 
it  causes. 

Broadly  speaking,  they  may  be  divided  into 
aerobes  or  facultative  anaerobes,  which  require,  or 
are  indifferent  to,  the  presence  of  oxygen,  and  strict 
anaerobes,  which  cannot  grow  in  the  presence  of 
free  oxygen. 

To  the  first  group  belong  the  staphylococci, 
streptococci,  B.  pyocyaneus,  and  members  of  the 
colon  group.  To  the  second  belong  the  tetanus 
bacillus,  the  bacillus  of  malignant  oedema,  and  a-n 
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indeterminate  series  to  which  gas  gangrene  is  attri- 
buted. 

The  action  of  staphylococci,  streptococci,  and 
other  pyogenic  organisms  is  well  known.  They  are 
responsible  for  the  suppuration,  cellulitis,  and  septi- 
caemia which  may  follow  all  wounds.  By  their  de- 
vitalizing action  on  the  tissues,  also,  they  assist  the 
anaerobes  to  obtain  a  foothold  and  may  be  considered 
therefore  to  contribute  indirectly  to  ^jjose  *graver 
consequences  of  wounds  which  are  attributed  to  the 
action  of  certain  anaerobes.  The  action  of  bacilli 
of  the  colon  group  has  not  been  determined.  B.  coli 
communis  is  a  common  inhabitant  of  war  wounds  ; 
B.  paratyphosus  has  been  reported,  and  there  is 
no  reason,  considering  the  fsecal  origin  of  the  infect- 
ing bacteria,  why  B.  typhosus  itself  should  not  be 
found  there.  In  certain  cases  of  severe  gunshot 
wound  with  long  sustained  fever  suggesting  it,  the 
writer  has  made  blood  cultures  to  ascertain  the 
presence,  if  possible,  of  a  generalized  B.  coli  infection, 
but  without  success. 

Anaerobes  have  been  responsible  for  some  of  the 
most  tragic  consequences  of  wounds  in  the  present 
war,  and  it  is  no  exaggeration  to  say  that  probably 
more  attention  has  recently  been  paid  by  army 
surgeons  to  the  prevention  of  anaerobe  infection 
than  to  any  other  problem.  Inflammation  and 
pus  formation  can  be  viewed  with  comparative 
calmness,  being  in  the  main  controllable,  but  the 
fear  of  tetanus,  malignant  oedema,  or  gas  gangrene 
is  vital.  It  overrides  every  other  consideration  and 
countenances  for  its  prevention  the  most  extensive 
mutilation  and  sacrifice  of  conservative  surgical 
principles. 
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As  mentioned,  the  anaerobes  concerned  in  these 
complications  are  the  tetanus  bacillus,  the  bacillus 
of  malignant  oedema,  and  an  indeterminate  series, 
called  by  the  Germans  the  "  gas  brand  "  series,  to 
which  gas  gangrene  is  due.  They  have  certain 
properties  in  common,  which  are  of  some  importance 
to  the  treatment  of  wounds  likely  to  be  infected 
with  them,  and  may  be  mentioned  here.  As  the 
name  '•  anaerobe  "  implies,  they  cannot  grow  in  the 
presence  of  free  oxygen.  They  have  some  difficulty 
in  establishing  themselves  on  healthy,  but  flourish 
freely  on  dead  or  devitalized  tissue.  For  the  elabora- 
tion of  their  toxins  they  require  a  medium  which  is 
neutral  or  alkaline  and  tend  to  become  avirulent 
when  this  becomes,  or  is  made,  acid.  Lastly,  from 
the  practical  point  of  view,  they  have  the  faculty 
of  entering  a  resistant  stage  by  spore  formation, 
the  spores  being  particularly  resistant  to  ordinary 
sterilization  methods  by  heat  or  antiseptics. 

With  regard  to  the  first  of  these  characteristics  : 
the  absence  of  free  oxygen  from  the  depths  of  a  gun- 
shot wound  is  ensured  by  the  presence  of  other 
micro-organisms  which  take  up  the  oxygen  ;  by  the 
presence  of  fresh  tissue,  and  by  the  fact  that  com- 
munication with  the  outside  air  is  frequently  blocked 
by  a  plug  of  prolapsed  muscle  or  subcutaneous  tissue. 
Thus,  a  laboratory  device  for  growing  anaerobes  is 
to  incorporate  in  the  medium  a  piece  of  fresh  tissue, 
and  another  is  to  grow  them  in  company  with  other 
bacteria,  such  as  B.  subtilis,  which  absorb  oxygen 
freely.  The  second  condition  of  their  growth,  which 
is  mentioned  above,  is  ensured  partly  by  the  destruc- 
tive effect  of  the  missile  and  partly  by  the  action 
of  pyogenic  organisms,  which  not  only  act  directly  on 
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the  tissues  but  further  devitalize  them  by  the  vas- 
cular stasis  resulting  from  the  pressure  of  inflamma- 
tory exudate  which  they  cause.  As  to  the  effect  of 
medium  reaction  on  the  growth  of  anaerobes  and 
their  toxin  production,  an  essential  for  the  produc- 
tion of  a  strongly  toxic  broth  which  is  observed  by 
those  engaged  in  the  preparation  of  tetanus  toxin  for 
immunization  and  experimental  work,  is  that  it 
should  be  neutral  or  slightly  alkaline,  while  v. 
Hibler  drew  special  attention  to  the  degenerative 
changes  which  occur  in  pathogenic  anaerobes  when 
grown  in  an  acid  medium. 

Spore  formation  is  of  great  importance  with  regard 
to  the  sterilization  of  instruments  and  all  materials 
which  may  come  into  contact  with  other  patients' 
wounds.  Thus,  the  spores  of  malignant  oedema 
when  moist  resist  a  temperature  of  90°  C.  for  half 
an  hour.  The  spores  of  other  anaerobes,  e.g. 
tetanus  and  B.  perfringens,  are  slightly  less  resistant 
but  require  five  minutes  boiling.  Tetanus  spores 
are  modified  in  their  virulence  by  exposure  to  sun- 
light. Spores  contained  in  dried  wound  discharges 
may  remain  virulent  for  many  months.  In  this 
condition  they  are  always  extremely  resistant  to 
sterilization,  requiring  a  temperature  over  boiling- 
point  for  some  minutes,  and  autoclaving  is  really  the 
only  safe  method  of  ensuring  their  destruction. 

Another  property  of  these  anaerobes  is  that  they 
elaborate  their  toxins  locally,  not  entering  the 
blood-stream  till,  at  any  rate,  immediately  before 
the  death  of  the  patient.  The  importance  of  this 
lies  in  the  fact  that  toxin  production  can  be  stopped 
by  efficient  local  treatment. 

The  most  important  of  these  malignant  anaerobes, 
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as  they  may  conveniently  be  called,  is  the  tetanus 
bacillus.  This,  in  its  non-sporing  form,  is  a  com- 
paratively fine,  slightly  motile  bacillus,  4/x  to  5/x  by 
0-9yu,  or  in  length  a  little  more  than  half  to  two-thirds 
the  diameter  of  a  red  blood-cell.  Its  sporing  form  is 
a  short  rod  with  a  spherical  spore  exactly  at  the 
end,  the  tetanus  bacillus  being  commonly  known 
from  this  characteristic  appearance  as  "  the  drum- 
stick bacillus."  Bacilli  morphologically  identical 
with  the  tetanus  bacillus  have  frequently  been 
found  in  the  pus  of  wounds  in  this  war,  but  on 
isolation  in  pure  culture  have  most  frequently  been 
found  to  be  avirulent  for  the  usual  experimental 
animals,  so  that  it  is  not  certain  that  they  were 
really  tetanus  bacilli. 

As  stated,  the  tetanus  bacillus  produces  its  toxin 
locally  in  the  wound.  The  toxin  is  carried  along 
the  peripheral  nerves  to  the  nerve-cells  of  the 
central  nervous  system,  especially  those  of  the 
pons  and  medulla,  attaching  itself  first  to  the 
anterior  cornual  cells  connected  with  the  motor 
nerve-supply  of  the  wound  area.  The  special  affinity 
of  nerve-cells  for  tetanus  toxin  can  be  demonstrated 
experimentally  in  vitro  by  mixing  cerebral  tissue 
with  it  in  suitable  proportions.  When  the  mixture 
is  centrifugalized  the  nerve-tissue  is  found  to  have 
removed  the  toxin  from  the  supernatant  liquid. 
Tetanus  toxin  is  one  of  the  most  powerful  poisons 
known,  a  c.mm.  of  the  filtrate  of  a  broth  culture 
of  tetanus  bacilli  being  sufficient  to  kill  an  average- 
sized  guinea-pig.  If  the  toxin  is  administered 
in  a  smaller  dose  than  that  which  causes  death 
its  effect  is  confined  to  cramps  of  the  inoculated  part. 
This  minor  effect  is  often  seen  in  the  natural  infec- 
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tion,  the  first  signs  of  tetanus  appearing  as  cramp 
of  the  injured  limb.  Natural  infection  may,  and 
often  does,  occur  from  an  extremely  trivial  wound  ; 
a  small  fragment  of  shell  driven  deeply  into  the 
tissues  carries  with  it  a  few  tetanus  bacilli  with  other 
bacteria.  There  is  a  slight  trauma  of  the  deep 
tissues,  a  little  effusion  of  blood,  a  little  more  damage 
done  by  accompanying  micro-organisms,  and  the 
tetanus  bacillus  has  all  it  requires  for  the  production 
of  a  fatal  dose  of  its  toxin.  The  local  production  of 
toxin  may  be  very  rapid,  and  tetanus  result  in  a  few 
days  ;  or  very  slow  so  that  the  attack  comes  on 
only  after  an  interval  of  weeks.  In  the  latter  case  it 
may  be  confined  to  local  cramps,  and  possibly  the 
infected  person  has  had  time  to  produce  a  certain 
amount  of  antitoxin.  This  may  explain  the  fact 
that,  on  the  whole,  the  prognosis  is  better  the  longer 
the  period  of  incubation. 

The  pathological  processes  which  tetanus  induces 
in  the  nerve-cells  are  very  indefinite.  Some  irregular 
patches  of  congestion  may  be  seen  with  the  naked 
eye  and  here,  perhaps,  the  nerve-cells  may  show 
some  slight  granular  degeneration,  but  nothing 
characteristic.  Locally  also,  it  may  be  difficult  to 
detect  any  evidence  of  pathological  change. 

As  with  diphtheria,  the  preparation  of  tetanus 
antitoxin  is  now  a  commercial  process,  horses  being 
immunized  against  the  toxin  and  their  serum  used 
for  the  prevention  and  treatment  of  tetanus  in  man. 
The  neutralization  of  toxin  with  antitoxin  is  more 
or  less  a  mathematical  process,  the  strength  of  a 
given  antitoxin  being  estimated  by  the  amount  of  it 
which  is  required  to  protect  a  given  weight  of  animal 
against  the  simultaneous  injection  of  a  lethal  dose 
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of  toxin.     Thus,    1   c.c.   of  the  Pasteur   Institute 
antitoxin   will   protect    1,000,000,000    grammes   of 
mouse  against  a  lethal  dose  of  tetanus  toxin.     The 
therapeutic  dose  of  this  preparation  is  50-100  c.c. 
It  is  much  easier  to  prevent  the  combination  of 
tetanus  toxin  with  nerve-cells  than  to  unlock  the 
combination    once    it    has    been    made,    and    the 
amount  of  antitoxin  to  be  administered  increases 
rapidly  with  the  length  of  time  which  has  elapsed 
since  the  reception  of  the  infecting  wound.     Un- 
fortunately, the  presence  of  tetanus  bacilli  in  a  wound 
is  generally  made  evident  only  when  the  character- 
istic symptoms  of  tetanus  appear,  and  then  it  is 
often  too  late  to  effect  much  with  antitoxin.     In  this 
respect  one  is  not  so  fortunately  placed  as  in  diph- 
theria where  the  local  presence  of  the  diphtheria 
bacilli  can  so   easily  be  demonstrated.     It   is  an 
extremely  difficult  thing  to  discover  tetanus  bacilli 
with  certainty  in  a  wound,  and  by  the  time  it  has 
been  discovered  very  valuable  time  has  been  lost. 
One  cannot  do  wrong,  however,  by  administering 
antitoxin  without  delay  when  the  nature  of  the 
ground  where  the  wound  was  received,  or  the  pre- 
sence of  other  bacteria  in  the  wound  discharges,  such 
as  sporing  bacilli  or  the  characteristic  B.  aerogenes 
capsulatus,   usually   associated   with   it   in  garden 
earth,  indicates  the  possibility  of  tetanus  infection. 
As  mentioned,  after  tetanus  has  supervened  it  is 
almost  hopeless  to  expect  to  unlock  the  combination 
of  the  toxin  with  the  nerve-cells.     A  fatal  dose  may 
not,  however,  have  yet  combined.     There  must  still 
be  a  certain  amount  of  free  toxin  in  the  central 
nervous  system  and  it  may  be  possible  to  neutralize 
this  by  injecting  antitoxin  into  the  lumbar  sac. 
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This  may  advantageously  be  combined  with  intra- 
venous injection,  since,  as  Henderson  Smith  has 
shown,  this  method  ensures  a  high  concentration  of 
antitoxin  in  the  body  fluids  and  a  more  rapid  and 
intense  action  on  the  toxin.  The  line  of  treatment 
suggested  is  to  give  an  injection  of  10-15  c.c.  anti- 
toxin into  the  lumbar  sac  and  100  c.c.  intravenously 
in  one  or  two  injections  as  quickly  as  possible  after 
the  commencement  of  symptoms. 

It  must  be  emphasized  that  tetanus  antitoxin 
is  not  vaccine.  It  will  not  protect  the  patient  for 
weeks  and  months  from  infection.  On  the  contrary 
it  remains  in  the  circulation  a  comparatively  short 
time,  perhaps  not  longer  than  eight  days  after 
injection,  and  its  protective  action  disappears  with 
it.  Further,  a  given  dose  of  antitoxin  will  not 
neutralize  an  unlimited  amount  of  toxin  and  it  is 
practically  useless  to  administer  antitoxin  if  tetanus 
bacilli  are  left  in  the  wound  to  kill  the  patient  with 
more  toxin  than  the  antitoxin  can  neutralize.  The 
administration  of  antitoxin  must  be  supplemented 
therefore  by  thorough  eradication  of  the  focus  of 
infection. 

The  bacillus  of  malignant  oedema  is  a  stoutish  rod 
with  rounded  ends  varying  from  3/x  to  10 /m  in  length. 
It  is  motile  by  virtue  of  lateral  flagella  which  can  be 
demonstrated  by'  suitable  staining  methods.  It 
readily  forms  spores  both  in  the  tissues  and  when 
cultivated,  the  spores  being  generally  oval  or  almost 
round  and  placed  about  the  centre  of  the  rod,  though 
in  certain  elements  they  may  be  found  almost  at  the 
end.  Free  spores  of  the  same  shape  are  frequently 
seen  associated  with  bacilli. 

The  introduction  of  malignant  oedema  into  the 
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tissue  under  suitable  conditions  is  followed  by 
intense  serous  exudation  into  the  muscles  and  sub- 
cutaneous tissues,  the  exuded  serum  being  generally 
blood-stained.  The  mechanical  obstruction  of  vessels 
produced  by  such  profuse  outpouring  of  serum  and 
the  local  action  of  the  bacilli  quickly  results  in 
gangrene  of  the  affected  part.  Gas  production  is 
slight  or  absent  in  pure  infections.  The  bacillus 
produces  a  soluble  toxin  which  is  absorbed  into 
the  circulation  and  quickly  proves  fatal.  It  is 
possible  to  prepare  an  antitoxin  by  injecting 
animals  with  this  toxin  but  this  does  not  appear  to 
have  been  used  therapeutically. 

The  Bacillus  aerogenes  capsulatus,  known  also 
as  B.  perfringens,  the  Welch-Nuttall,  or  Welch- 
Fraenkel,  bacillus,  is  credited  by  most  workers  with 
having  been  the  chief  cause  of  gas  gangrene  in  this 
war.  It  is  the  bacillus  which  v.  Hibler  found  most 
frequently  associated  with  the  tetanus  bacillus  in 
cases  of  tetanus  and  was  frequently  used  by  him  to 
exalt  the  virulence  of  the  tetanus  bacillus  in  animal 
experiments.  It  is  a  very  distinctive  bacillus,  being 
a  stout,  fairly  square-ended  rod  of  varying  length. 
It  is,  in  fact,  about  the  stoutest  of  the  bacilli  to  be 
found  in  wounds  and  is  there  possessed  of  an  easily 
demonstrable  capsule  which  it  loses  in  cultures.  It 
is  frequently  found  in  longish  chains,  the  elements 
of  which  are  of  varying  length.  In  the  tissues  it 
causes  a  free  exudation  of  serum  with  abundant  gas 
production,  the  resulting  emphysema  spreading 
rapidly,  stripping  up  the  subcutaneous  tissues  and 
permeating  the  muscles.  The  effusion  and  gas  pro- 
duction mechanically  obstruct  the  circulation,  and 
gangrene  of  greater  or  less  degree  results. 
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Although  the  B.  aerogenes  capsulatus  is  chiefly 
spoken  of  in  connexion  with  gas  gangrene,  there  can 
be  no  question  that  in  certain  cases  other  bacilli  are 
responsible  for  this  complication.  It  was  the 
writer's  frequent  experience  to  find  the  wounds  of 
patients  dying  of  gas  gangrene  toxaemia  swarming 
with  sporing  bacilli  to  the  exclusion  of  B.  aerogenes 
capsulatus.  On  the  other  hand,  in  many  wounds 
which  were  gassing  freely,  B.  aerogenes  capsulatus 
was  found  almost  exclusively,  but  there  was  no 
toxaemia.  The  bacilli  mentioned  could  be  distin- 
guished from  the  bacillus  of  malignant  oedema  only 
with  difficulty,  differing  from  this  chiefly  by  greater 
production  of  gas  and  certain  cultural  reactions 
which  classed  them  in  most  cases  as  the  bacillus  of 
Ghon  and  Sachs  or  the  No.  XI  variety  described  by 
v.  Hibler.  Bowlby  and  Rowland  have  described  a 
bacillus  identical  with  the  Ghon-Sachs  bacillus  in 
fatal  cases  of  gas  gangrene.  Weinberg  describes 
other  similar  species,  some  of  which  were  pathogenic 
to  animals,  and  Fleming  mentions  two  varieties,  "  X 
and  Y,"  which  appear  from  his  drawing  to  be  some- 
what similar.  Fleming  could  not  discover  any 
pathogenic  action  of  the  bacilli  X  and  Y  found  by 
him  and  attributes  only  the  foul  smell  of  anaerobe 
infected  wounds  to  them.  It  must  be  remembered, 
however,  that  a  bacillus  which  may  not  prove  patho- 
genic when  injected  pure  into  animals  may  easily 
enough  elaborate  dangerous  toxins  when  flourishing 
on  the  dead  tissues  in  a  man's  wound. 

Whichever  organism  is  chiefly  responsible  for  death 
by  gas  gangrene  it  appears  to  produce  a  soluble  toxin 
which  acts  on  the  heart,  a  feature  of  these  cases  being 
the  clearness  of  the  mind  with  an  imperceptible  pulse. 
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The  importance  of  anaerobes  as  a  factor  to  be 
reckoned  with  in  the  wounds  of  modern  warfare  will 
be  seen  from  the  above  and  there  is  little  wonder 
that  their  study,  formerly  a  comparatively  neglected 
field,  has  sprung  into  such  prominence  during  the 
past  year.  The  nature  of  the  ground,  the  free 
soiling  of  clothes  and  skin  with  it  which  accompanies 
trench  warfare  and  the  extensive  mutilation  of  tissues 
inflicted  by  modern  missiles,  provide  ideal  conditions 
for  anaerobic  infection. 

A  good  example  of  this  is  a  shell  wound  of  the 
thigh.  The  projectile,  carrying  with  it  soil-contami- 
nated skin  or  cloth,  penetrates  the  deep  tissues  and 
shatters  the  bone,  converting  the  fragments  of  this 
into  secondary  missiles  which  are  flung  into  the 
surrounding  tissues.  The  skin  wounds  are  almost 
at  once  closed  by  prolapsed  muscle,  and  the  result 
is  a  closed  cavity  containing  smashed-up  muscle, 
bone  and  blood,  and  a  mixture  of  bacteria  to  flourish 
on  them  under  almost  ideal  anaerobic  conditions. 
Further,  one  may  reckon  on  a  number  of  similarly 
infected  foci,  the  result  of  scattered  fragments  of 
bone  and  metal  all  round  the  main  cavity. 

The  difficulty  of  removing  the  infecting  bacteria 
from  such  a  wound  and  yet  the  importance  of  pre- 
venting them  from  obtaining  a  foothold  and  elabora- 
ting their  toxins  must  be  obvious.  From  the 
bacteriological  point  of  view  the  problem  is  to  destroy 
for  the  anaerobes  the  ideal  conditions  of  their  growth 
at  the  earliest  moment.  If  it  were  possible  to  bring 
the  whole  wall  of  the  wound  into  contact  with  the 
air  this  would  be  easy,  but  this  is  rarely  possible. 
Obviously  a  free  outlet  must  be  provided,  for  the 
wound  discharges  without  delay,  but  even  enlarge- 
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ment  of  the  wound  openings  leaves  pockets  in  its 
depths,  and  anaerobes  will  grow  in  very  shallow 
pockets  if  associated  with  other  oxygen-loving 
bacteria.  In  this  connexion  one  may  mention  the 
pockets  left  at  the  angles  of  reflexion  of  amputation 
flaps,  even  when  these  are  left  unstitched.  These 
are  excellent  breeding-grounds  for  anaerobes,  and 
the  ideal  from  the  laboratory  point  of  view  would  be 
amputation  without  flaps. 

Frequent  washing  out  with  antiseptics  or  with 
peroxide  leaves  the  bacteria  to  flourish  in  the  inter- 
vals and  can  only  be  partly  effectual  in  loosening  the 
hold  of  the  bacteria  on  the  cavity  wall,  while  it  must 
leave  those  in  secondary  cavities  quite  untouched. 
For  the  mechanical  removal  of  bacteria  from  the 
depths  of  the  wound  there  can  be  no  doubt  as  to 
the  advantages  of  the  flow  of  lymph  promoted  by 
such  agents  as  hypertonic  saline  and  "  Eusol,"  what- 
ever one  may  believe  about  the  antiseptic  properties 
of  the  lymph.  This  method  has  the  further  advan- 
tage that  it  opposes  by  the  flow  of  the  current  the 
absorption  of  toxins,  and  by  relieving  the  local 
tissues  of  the  exudate  prevents  the  mechanical  pres- 
sure on  the  vascular  supply  which  is  doubtless  a 
considerable  contributing  factor  to  gangrene. 

The  writer  would  favour  the  use  of  "  Eusol  " 
(hypochlorous  acid)  since  it  adds  to  its  lymph  lavage 
properties  that  of  being  acid,  an  acid  reaction  of 
the  medium  being,  as  mentioned,  inimical  to  the 
production  of  toxin.  With  the  same  object  the 
writer  has  advocated  the  repeated  filling  of  the 
wound  with  lactic  acid.  This  would  appear  to  be 
rank  heresy  since  lactic  acid  is  the  favourite  means 
adopted  by  bacteriologists  to  enable  such  anaerobes 
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as  tetanus  and  the  bacillus  of  malignant  oedema 
to  obtain  a  foothold  in  the  tissues  on  account  of  its 
negative  chemiotactic  properties.  But  there  is  a 
difference  between  a  little  lactic  acid  which  is  soon 
neutralized  after  it  has  given  the  bacteria  a  start  and 
an  abundance  which  imitates  and  intensifies  the 
process  by  which  anaerobes  become  avirulent  in 
cultures.  In  a  few  cases  where  this  method  was  tried 
the  results  were  encouraging  both  from  the  point 
of  view  of  the  patient's  general  condition  and  from 
that  of  the  bacterial  content  of  the  wound  discharges. 
Further,  the  specimens  of  acid  pus  showed  abundant 
phagocytosis  of  the  bacteria. 

In  connexion  with  the  neutralization  of  anaerobe 
toxin  some  attention  is  due  to  the  suggestion  of 
L.  Rogers  to  use  strong  solution  of  potassium  perman- 
ganate in  the  wound.  This  salt  is  a  powerful  oxi- 
dizer  of  proved  antitoxic  powers  and  on  account  of 
its  power  of  adhering  to  the  tissues  it  is  likely  to  be 
more  lasting  in  its  effects  than  most  chemicals.  It 
is,  moreover,  a  very  convenient  salt  for  use  in  the 
field. 

The  question  of  other  antiseptics  is  a  very  vexed 
one.  It  is  easy  to  damage  the  tissues  more  than  the 
bacteria  with  some  antiseptics  and  the  only  effect 
of  their  use  is  then  to  provide  more  necrosed  tissue 
on  which  the  micro-organisms  can  flourish.  Anti- 
septic pastes  must  simply  pen  up  the  discharges  and 
provide  behind  them  ideal  breeding-grounds  for 
malignant  anaerobes. 

Considered  therefore  from  the  bacteriological 
point  of  view,  the  aim  in  treating  wounds  would  be 
the  removal  of  anaerobes  mechanically  by  setting 
up  a  free  flow  of  discharge  through  a  sufficient 
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wound  opening  ;  to  neutralize  toxins  locally  and 
in  the  blood-stream  and  to  prevent  their  formation. 

The  use  of  vaccines  as  a  protection  against  an- 
aerobe infection  does  not  seem  likely  to  be  attended 
with  success.  The  patient  is  so  quickly  over- 
whelmed with  toxin  that  no  time  is  given  him  to 
elaborate  for  himself  an  antitoxin,  and  one  would 
hope  most  from  the  earliest  possible  use  of  antitoxin. 
So  far,  with  the  exception  of  tetanus,  no  success  has 
been  reported  in  the  preparation  and  use  of  any 
antitoxin,  though  one  would  expect  that  injection 
into  suitable  animals  of  the  filtrate  of  infected 
tissues  of  animals  dead  of  gas  gangrene  would  pro- 
duce an  antitoxin  for  the  treatment  of  this  com- 
plication 

The  role  of  vaccines  appears  to  lie  more  in  the 
building  up  of  a  resistance  to  pyogenic  organisms 
such  as  staphylococci  and  streptococci  in  those 
cases  of  long-continued  suppuration  and  fever  which 
are  a  feature  of  many  cases  of  severe  gunshot  wound. 
The  specific  nature  of  the  antibodies,  evoked  by 
injection  of  different  strains  of  streptococci,  indicates 
that  little  can  be  hoped  from  the  use  of  stock  vac- 
cines in  streptococcal  infections,  but  the  preparation 
of  a  vaccine  from  the  patient's  own  organisms  in  such 
cases  is  a  comparatively  easy  matter. 


CHAPTER  II 

THE  GENERAL  CONDITION  OF  THE 
WOUNDED 

IN  writing  of  the  general  condition  of  wounded 
men  in  a  book  of  this  size,  one  is  bound  to  speak 
almost  entirely  of  shock.  Soldiers  in  the  fighting 
line  are  healthy  men  and  are  very  unlikely  to  be 
suffering  from  diabetes  and  other  diseases  which 
may  profoundly  modify  surgical  interference.  They 
have  been  well  fed,  and  in  trench  warfare,  at  any 
rate,  exhaustion  has  been  the  effect  of  exposure 
rather  than  of  muscular  fatigue.  So  the  condition 
of  the  patient  is  due  almost  entirely  to  the  site  and 
nature  of  the  wound,  the  length  of  exposure  before 
the  wounded  man  has  any  attention,  and  the  delay, 
often  unavoidable,  before  he  gets  proper  surgical 
treatment. 

The  teaching  of  Crile  has  altered  very  greatly 
our  views  on  the  results  of  these  factors,  and  the 
treatment  of  shock  has  in  consequence  undergone 
great  change.  Crile  has  proved  that  the  condition  is 
one  of  exhaustion  and  low  blood-pressure.  It  may 
be  caused  by  pain,  haemorrhage,  sepsis,  worry,  and 
fear.  He  has  shown  that  painful  stimuli  can  reach 
the  brain  even  in  a  state  of  general  anaesthesia,  caus- 
ing exhaustion  of  the  brain-cells,  and  that  histo- 

logical  changes  can  be  demonstrated   in  them  as 
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well  as  in  the  cells  of  the  liver  and  the  suprarenal 
capsules.  Similar  changes  result  from  the  effects 
of  haemorrhage  and  sepsis. 

Following  on  the.  exhaustion  of  the  brain-cells 
is  derangement  of  the  vaso-motor  mechanism  and 
the  pressure  of  the  blood  is  considerably  lowered. 

If  painful  stimuli  can  be  stopped  by  local  and 
regional  anaesthesia  from  reaching  the  brain,  shock 
is  almost  entirely  prevented.  If  the  blood-pressure 
can  be  maintained  near  its  usual  level  the  effects 
of  the  painful  stimuli  are  much  lessened.  Consider 
then  the  factors  in  order. 

Pain.  Painful  stimuli  can  proceed  from  a  wound 
of  almost  any  part  of  the  body  but'vary  very  greatly 
both  from  the  nature  of  the  wound  and  its  site. 
Burns  are  extremely  painful  and  cause  great  shock. 
Such  is  the  case  also  from  almost  any  extensive 
injury  to  the  peripheral  nerve-endings.  Crile  has 
shown  that  sharp  dissection  causes  much  less  shock 
than  tearing  or  rough  handling  of  the  tissues.  It 
is  common  knowledge  that  a  high  velocity  bullet 
may  pass  through  the  body  causing  little  general 
disturbance. 

The  site  of  the  wound  is  also  of  great  importance. 
The  brain  and  the  lungs  may  be  lacerated  without 
much  shock  resulting  unless  there  is  haemorrhage. 
The  bowels  may  be  handled  and  cut  but  unless  the 
mesentery  is  stretched  there  is  little  pain.  One  often 
sees  the  severe  shock  caused  by  a  major  dislocation 
and  it  cannot  be  said  too  often  how  great  is  the 
disturbance  which  follows  manipulations  of  com- 
pound fractures. 

Haemorrhage  has  similar  results  on  the  organism, 
and  by  the  direct  loss  of  blood  the  pressure  is  already 
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lowered  before  the  vaso-motor  mechanism  is  upset. 
This  second  effect  may  be  more  apparent  an  hour 
or  two  after  the  haemorrhage  if  no  steps  are  taken 
to  make  good  the  loss  of  blood. . 

Sepsis  is  the  third  great  factor  in  the  production 
of  shock  and  the  same  histological  changes  develop 
in  its  presence. 

Psychical  Causes  need  not  detain  us.  The  soldier 
is  inured  to  sights  and  ideas  that  would  quite  upset 
ordinary  peaceful  people.  He  is  rarely  disturbed 
by  the  prospect  of  an  operation,  and  the  adminis- 
tration of  anaesthetics  in  a  room,  apart  from  the 
theatre,  although  provided  for  in  base  hospitals; 
seems  unnecessary. 

There  are  then  three  determining  causes,  pain, 
haemorrhage,  and  sepsis,  in  many  of  the  severely 
wounded,  all  three  ready  to  co-operate  in  the  pro- 
duction of  shock. 

Prevention  of  Shock.  A  great  deal  of  experi- 
mental work  has  been  done  as  regards  the  prevention 
of  this  condition.  Seeing  that  shock  is  essentially 
an  exhaustion  of  brain  cells  by  painful  stimuli 
(putting  aside  for  a  while  the  other  causes,  haemor- 
rhage and  sepsis)  and  that  the  blood-pressure  falls 
very  low,  our  efforts  are  naturally  directed  towards 
the  prevention  of  both  these  states.  General 
anaesthesia  does  not  stand  in  the  path  of  painful 
afferent  impulses,  but  the  way  may  be  blocked  by 
various  means  of  local  and  regional  ancesthesia. 
When  both  general  and  local  anaesthesia  are  em- 
ployed, harmful  stimulation  of  the  brain  cells  does 
not  occur  and  consequently  shock  can  be  almost  pre- 
vented. Crile  has  elaborated  many  methods  of 
anoci  association  as  it  is  called — all  being  attempts 
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to  guard  the  brain  cells  from  exhaustion  by  blocking 
the  various  paths  of  painful  stimuli. 

If  local  anaesthesia  cannot  for  any  reason  be 
adopted,  there  is  yet  another  method  which  is 
always  available — the  injection  of  morphia  before 
operation.  The  receptivity  of  nerve  cells  is  lowered, 
and  the  stimuli,  even  though  the  afferent  path  is  not 
blocked,  do  not  work  such  havoc.  Morphia  is 
probably  one  of  our  best  weapons  in  the  prevention 
of  shock.  Mumford  speaks  of  it  as  a  sheet  anchor 
and  it  is  administered  by  Crile  in  doses  of  J  gr.  com- 
bined with  scopolomine  y^j-  gr.  before  operation. 
If  during  operation  the  patient  shows  by  straining 
or  rapid  breathing  that  painful  stimuli  are  still 
reaching  his  brain  the  morphia  is  repeated. 

Next  in  order  come  methods  for  maintaining 
the  blood-pressure.  Various  elaborate  contrivances, 
chiefly  pneumatic,  have  been  devised  for  exerting 
pressure  on  the  peripheral  circulation.  For  if  some 
restriction  can  be  placed  on  the  peripheral  circulation 
the  effects  of  lowered  blood-pressure  are  partially 
neutralized.  The  more  elaborate  methods  are  not 
suitable  for  war  time,  requiring  special  apparatus 
and  considerable  time.  Crile  has  shown,  however, 
that  bandaging  the  extremities  is  a  very  useful  aid 
to  a  failing  circulation  in  the  presence  of  shock. 

The  various  methods  of  adding  fluid  to  the  blood, 
in  the  attempt  to  raise  pressure,  call  for  notice. 
The  ideal  fluid  is  human  blood,  as  Crile  has  shown. 
It  does  not  exude  from  the  vessels  as  other  fluids 
do,  and  will  sustain  the  pressure  when  everything 
else  fails.  Besides  it  is  the  ideal  oxygen  carrier. 
But  he-  has  also  shown  that  any  other  method  than 
an  anastomosis  of  vessels  has  considerable  risk. 
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Thus  the  method  is  not  one  that  is  likely  to  be  of 
use  under  the  conditions  of  which  this  book  is  treat- 
ing. 

However,  blood  may  be  replaced  by  normal  saline 
solution.  The  effects  of  this,  except  in  cases  of 
haemorrhage,  are  very  transitory.  The  fluid  exudes 
quickly  from  the  vessels  and  may  accumulate  in  the 
loose  tissues  of  the  abdomen  in  sufficient  quantities 
to  embarrass  respiration,  especially  if  given  quickly. 
A  short  time  after  administration  in  cases  of  shock, 
by  doing  a  count  of  the  blood  cells,  it  is  possible  to 
demonstrate  that  the  blood  is  not  diluted,  the  added 
fluid  having  passed  into  the  connective  tissues. 
Crile  has  published  a  series  of  experiments  showing 
that  the  exudation  of  fluid  may  be  controlled  by  the 
addition  of  a  very  weak  solution  of  adrenalin.  The 
use  of  this  drug  gives  valuable  results. 

Pituitary  extract,  issued  in  appropriate  doses  in 
glass  ampoules,  is  another  gland  extract  in  common 
use.  Although  this  has  but  little  effect  on  a  normal 
person,  yet  in  the  condition  of  which  we  are  speaking 
it  has  valuable  properties.  It  acts  like  adrenalin 
in  raising  a  lowered  blood-pressure,  but  its  effect  is 
more  lasting.  Further  it  increases  the  contrac- 
tility of  plain  muscle-fibre  and  gives  valuable  help 
in  cases  of  distension  of  the  bowel  after  operation. 
This  distension  is  generally  accompanied  by  shock 
and  its  relief  gives  great  ease  to  the  patient.  Fre- 
quent vomiting  which  is  associated  with  this  partial 
paralysis  of  the  bowel  is  more  amenable  to  treatment 
when  the  distension  has  vanished.  Vomiting  in- 
creases the  vaso-motor  disturbance  and  when  it 
stops  the  patient  can  absorb  fluid  from  the  stomach 
of  which  he  is  often  in  need.  The  contraction  of 
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the  distended  bowel  also  helps  in  the  relief  of  the 
stagnation  of  blood  in  the  splanchnic  vessels. 

Since  shock  is  very  largely  due  to  continued 
stimulation  of  the  brain-cells,  it  follows  that  any 
further  stimulation  by  drugs  can  only  do  harm. 
In  short,  Crile  regards  the  use  of  strychnine,  formerly 
so  much  given,  in  the  light  of  a  surgical  crime  and  has 
demonstrated  its  harmful  effects  experimentally.  He 
says  that  it  is  as  logical  to  give  strychnine  for  the 
effects  of  trauma  as  to  apply  trauma  in  the  treat- 
ment of  strychnine  poisoning.  Alcohol  stands  in  a 
hardly  better  position.  Camphor  is  given  by  some 
surgeons  but  is  of  doubtful  value.  Caffein  is  also 
given  by  some. 

So  much  then  is  clear  from  the  standpoint  of 
experiment  and  experience.  Pain  must  be  eased 
by  maintaining  the  part  in  the  best  position  of  rest 
possible.  Morphia  must  be  given  in  effective  doses. 
Local  anaesthesia  arid  nerve  blocking  should  be 
employed  before  extensive  operations.  Haemor- 
rhage should  be  arrested  and  the  blood-pressure 
maintained  by  some  of  the  various  methods  men- 
tioned. 

TREATMENT  OF  WOUNDED  MEN  WITH 

SPECIAL  REGARD  TO  THEIR  GENERAL 

CONDITION 

Now  to  consider  the  practical  importance  of 
these  conclusions.  A  soldier  is  wounded  and  it  is 
very  probable  that  until  night  comes,  when  he  can 
be  removed  for  proper  surgical  'attendance,  only 
first-aid  treatment  is  available.  Haemorrhage  should 
be  stayed,  a  tourniquet  being  used  if  necessary  and 
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any  gross  soiling  of  the  wound  removed,  and  a  clean 
dressing  applied.  Morphia  is  given  in  doses  sufficient 
to  ease  pain,  and  any  available  method  for  fixation 
of  a  seriously  injured  part  is  to  be  applied  to  prevent 
the  pain  from  muscular  spasm.  Alcohol  is  better 
avoided  and  hot  tea  or  soup  will  give  equal  com- 
fort without  the  harmful  cerebral  stimulation. 
Strychnine  is  to  be  shunned  even  in  the  presence 
of  extreme  prostration.  Fluid  can  be  given  freely— 
the  patient  is  often  thirsty  and  the  fluid  helps  in 
sustaining* the  blood-pressure. 

When  the  wounded  man  is  moved  to  a  clearing 
hospital  he  has  the  chance  of  proper  surgical  treat- 
ment. All  serious  wounds  need  dressing  under  an 
ansesthetic.  This  is  not  the  place  to  speak  of  the 
various  surgical  measures  adopted  except  in  so  far  as 
they  influence  the  general  condition  of  the  patient. 
But  the  patient  being  under  an  ansesthetic  it  is 
well  to  adopt  some  kind  of  surgical  procedure  which 
may  possibly  save  further  operation  on  his  arrival 
at  the  base.  For  instance,  many  patients  with  a 
compound  fracture  are  now  incised  in  a  position 
where  proper  drainage  can  be  secured,  and  on  arriv- 
ing at  the  base  after  a  distressing  journey  it  is  often 
found  that  the  timely  incision  has  prevented  the 
swelling  and  bad  condition  of  sepsis  so  often  seen. 
Many  patie'nts  not  so  treated  have  arrived  in  a  state 
of  shock  from  pain  and  sepsis,  and  had  to  submit  to 
an  operation  for  threatening  gangrene,  being  in  a 
very  poor  condition  to  undergo  it.  But  although 
good  drainage  is  often  made  before  transport  to  the 
base,  there  is  a  great  deal  to  be  desired  in  the  choice 
of  splints.  If  a  splint  be  applied  which  does  not 
permit  easy  access  to  the  wounds  for  dressing,  one 
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of  two  evils  must  follow.  Either  the  patient  must  be 
subjected  to  a  great  deal  of  pain  in  order  to  get  at  the 
wounds  or  no  proper  cleansing  of  the  wound  can  be 
made  during  the  time  of  transport.  He  is  thus 
subject  to  the  added  risks  of  pain  or  sepsis.  This  is 
frequently  seen  in  cases  of  fracture  of  the  leg  or  thigh 
placed  on  back  splints  or  a  long  Listen  as  the  case 
may  be,  after  an  efficient  drainage  has  been  ensured 
by  incision.  On  arrival  at  the  base  it  is  necessary 
to  remove  the  splints  to  judge  of  the  nature  of  the 
wound, .to  give  an  anaesthetic  and  to  apply  fresh 
splints.  It  cannot  be  said  too  plainly  how  badly 
these  patients  with  severe  bone  injuries  stand  any 
repeated  manipulations  of  the  limb,  even  when 
under  an  anaesthetic.  Many  cases  of  severe  shock 
have  resulted  from  this,  which  the  use  of  a  Thomas 
knee  splint  in  the  first  place,  or  some  apparatus 
which  permits  easy  dressing,  would  have  prevented. 
Another  important  point  is  the  moving  of  patients 
who  have  to  undergo  a  severe  operation.  It  is  said 
that  such  patients  cannot  be  moved  within  a  few 
days  after  operation  and  consequently  they  are  sent 
on  at  once  to  the  base.  Many  patients  have  been 
moved,  however,  during  the  war  soon  after  operation 
and  if  suitable  fixation  apparatus  has  been  to  hand 
they  have  suffered  but  little.  Although  some 
patients  for  major  operations  may  be  fit  to  move 
without  fear  of  shock  resulting  from  the  moving,  in 
many  cases  the  patient  would  have  a  better  chance 
by  immediate  operation,  the  risk  of  an  early  move 
afterwards  being  taken  if  necessary.  It  would  be  of 
great  benefit  to  many  patients  if  some  form  of  local 
or  regional  anaesthesia  were  practised  before  sending 
them  on  a  journey.  By  the  addition  of  potass,  sul- 
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phate  to  local  anaesthetic  solution,  as  stated  later, 
the  anaesthetic  effect  can  be  much  lengthened.  It 
would  be  a  comparatively  easy  task  to  infiltrate 
the  neighbourhood  of  a  compound  fracture  or  some 
method  of  nerve  blocking  could  be  employed. 
In  this  way  a  great  deal  of  shock  from  the  pain  of 
transport  could  be  prevented. 

Transport.  The  unavoidable  pain  during  trans- 
port by  train  and  ambulance  is  to  be  guarded 
against  as  much  as  possible.  Proper  mechanical 
fixation  is  most  important  and  morphia  %is  to  be 
given  in  sufficient  doses  to  ease  pain,  and  repeated 
when  necessary.  It  must  be  remembered  how 
experimental  work  has  shown  that  the  brain-cells 
can  be  largely  protected  from  continued  painful 
stimulation  by  the  use  of  morphia.  The  drug  will 
relieve  pain  if  given  in  large  enough  doses.  As  long 
as  the  patient  is  suffering  acutely  it  can  be  repeated  ; 
he  is  not  under  the  influence  of  the  drug.  I.M.H. 
J  gr.  is  none  too  large  a  dose  for  pain  of  a  severe 
kind. 

Saline  infusion,  with  the  addition  of  adrenalin,  is 
very  useful  for  shock  when  there  has  been  haemor- 
rhage, but  otherwise  the  injection  of  pituitary  ex- 
tract is  preferable. 

Base  Hospital.  On  arrival,  patients  should  be 
examined  as  to  their  general  condition  and  the  tem- 
perature and  pulse-rate  recorded.  If  they  have 
had  along  journey  and  have  been  dressed  recently, 
they  are  better  left  until  they  have  been  made  com- 
fortable in  bed  and  had  some  food  and  rest  unless 
a  superficial  examination  shows  signs  of  urgent 
sepsis,  or  some  form  of  gangrene. 

Many,  however,  will  need  immediate  attention. 
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They  may  be  in  great  discomfort  with  a  high  tem- 
perature and  the  dressings  may  be  in  urgent  need 
of  changing.  Patients  with  compound  fractures  in 
such  a  condition,  and  fitted  with  splints  which  per- 
mit the  passage  of  X-rays,  may  be  screened  without 
moving  the  splints  to  judge  of  foreign  bodies  and 
position  of  fragments,  and  then  be  forthwith 
anaesthetised.  Suitable  splints  for  further  dressings 
should  be  applied  during  the  unconscious  state. 

Extensive  lacerated  wounds  without  fracture 
are  better  put  straight  into  a  saline  bath  with  the 
addition  of  Eusol  if  the  discharges  are  very  offensive. 
This  is  good  treatment  for  the  sepsis  and  its  adop- 
tion is  without  the  constant  pain  which  is  otherwise 
caused  by  the  necessary  frequent  dressings. 

Prevention  of  Shock.  We  have  now  to  consider  the 
relief  of  the  chief  factors  which  cause  shock. 

Pain  may  often  be  relieved  by  mechanical  means. 
The  dressings  may  be  hard  from  coagulation  of  dis- 
charge, and  pus  be  thus  'prevented  from  escaping 
freely.  The  frequent  moistening  of  gauze  by  hyper- 
tonic  saline  (constant  irrigation  if  necessary)  will  do 
much.  The  use  of  strong  disinfectants  always  tends 
to  coagulation.  When  dressings  stick  to  raw  areas 
the  addition  of  a  little  glycerine  to  the  solution  is 
sometimes  helpful. 

Splints  may  be  unsuitable  and  permit  movement 
of  fragments  and  starting  pains.  Frequently  one 
sees  muscular  spasm  in  limbs  fitted  with  extensions 
in  the  straight  position.  This  may  be  often  over- 
come by  kneading  the  affected  muscles  if  the  position 
of  the  wound  allows  of  this  being  done.  If  this  is  not 
successful  another  kind  of  splint  should  be  em- 
ployed, which  permits  of  fixation  with  the  joints 
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in  a  state  of  partial  flexion.  But  this  is  often  im- 
possible owing  to  the  difficulties  of  dressing.  Since 
great  shock  may  result  from  such  manipulations, 
morphia  and  a  general  anaesthetic  should  be  given. 

Sepsis  must  be  met  by  efficient  drainage.  As 
said  before,  the  use  of  constant  irrigation  or  con- 
tinuous baths  does  away  with  a  great  deal  of  pain 
which  is  caused  by  frequent  dressing. 

Haemorrhage  may  have  been  the  cause  of  the  shock 
from  which  the  patient  suffers,  in  which  case  saline 
solution  should  be  administered  by  the  rectum,  under 
the  skin  or  into  a  vein.  In  all  cases  adrenalin  solution 
in  amounts  of  10-20  drops  to  the  pint  should  be  added. 
Each  method  has  its  uses.  If  the  need  is  urgent  the 
intravenous  method  is  to  be  chosen.  The  simplest 
way  is  to  puncture  the  distended  vein  with  a  needle 
used  for  salvarsan  injection,  allowing  a  few  drops  of 
blood  to  run,  and  then  fitting  a  rubber  tube  and 
funnel  already  filled  with  the  solution  and  free  of 
bubbles.  The  solution  should  be  at  a  temperature 
of  112°  F.  to  allow  of  cooling  in  the  tube.  Better 
still,  use  a  reservoir  with  a  hot -water  jacket  if  avail- 
able. The  puncture  of  a  vein  in  a  patient  who  has 
lost  a  great  deal  of  blood  is  by  no  means  easy.  In 
such  a  patient  it  is  better  to  allow  the  blood  to  run 
through  the  needle  and  take  the  slight  chance  of  it 
becoming  filled  with  clot  than  to  adopt  the  usual 
method  of  trying  to  insert  a  needle  already  attached 
to  the  tube  and  filled  with  saline.  There  are,  in 
such  a  patient,  only  one  or  two  prominent  veins,  and 
should  the  attempt  to  enter  the  vein  fail,  and  the 
saline  become  extravasated  in  the  tissues,  it  may 
be  necessary  to  cut  down  on  the  vein.  Horse-serum 
may  be  added  with  advantage  to  the  saline  if  there 
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is  oozing  from  any  area  which  ordinary  surgical 
measures  cannot  reach. 

Rectal  saline  administration  meets  the  need  of 
the  less  urgent  cases  and  is  preferable.  The  fluid 
is  thrown  less  quickly  into  the  circulation  and  the 
patient  is  subjected  to  no  pain.  Half  a  pint  may 
be  given  every  hour  for  several  doses,  but  after  this 
it  is  difficult  to  get  it  retained.  The  chief  points 
are,  to  introduce,  a  catheter  far  into  the  rectum,  to 
raise  the  buttocks  to  assist  gravity,  and  to  allow 
the  fluid  to  run  in  very  slowly.  If  the  blood-pressure 
is  very  low  the  absorption  of  fluid  is  little.  Glucose 
solution  5  per  cent,  may  often  be  used  with  ad- 
vantage in  place  of  saline. 

Continuous  flow  from  a  Lane's  bag  may  be  used. 

Infusion  into  the  subcutaneous  tissues  (under- 
neath the  pectorals  for  choice)  has  its  uses  but  it  is 
painful  and  should  not  be  used  unless  a  general  anaes- 
thetic is  being  given.  Besides,  it  leaves  additional 
painful  areas  in  a  man  who  perhaps  has  several. 

Before  Operation,  morphia  J  gr.  with  atropin  should 
be  given.  The  morphia  lessens  the  amount  of 
anaesthetic  necessary  and  guards  the  brain-cells 
against  shock,  and  has  a  calming  influence  on  the 
patient.  As  open  ether  is  given,  unless  there  is 
definite  reason  to  the  contrary,  the  atropin  controls 
to  some  extent  the  amount  of  secretion  in  the  air-way 
which  is  sometimes  troublesome. 

There  can  be  no  doubt  that  ether  is  the  anaesthetic 
of  choice  ;  putting  aside  continuous  nitrous  oxide, 
which  is  inconvenient  under  war  conditions,  it  is 
very  rare  that  it  causes  any  collapse.  If  the 
patient  is  to  undergo  any  severe  operation,  local  and 
regional  anaesthesia,  should  also  be  employed.  Very 
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good  results  have  been  seen  from  infiltration  with 
novocain  solution  -|  per  cent,  with  adrenalin  chloride 
added.  If  to  this  one  adds  potass,  sulphate,  10  gr. 
to  each  ounce,  the  effect  is  prolonged  and  pain  after 
the  operation  is  much  lessened.  The  addition  of  this 
salt  does  away  with  the  necessity  for  the  use  of  the 
urea  and  quinine  solution,  which  is  recommended 
by  Crile  to  be  injected  into  the  tissues  surrounding 
the  wound  to  avoid  pain  during  recovery.  Infiltra- 
tion round  the  main  nerve-supply  can  be  practised, 
or  infiltration  of  the  .cauda  equina  by  means  of  a 
needle  introduced  through  the  lower  saeral  foramen. 
The  latter  method  naturally  is  only  of  benefit  in 
cases  of  operation  on  the  lower  extremities. 

The  infiltration  of  the  tissues  should  be  made  with 
a  large  syringe,  and  sufficient  force  should  be  used  to 
distend  all  the  layers  of  tissue  to  be  cut  through, 
skin  fascia  and  muscles.  Its  effect  is  increased  by  the 
pressure  under  which  the  fluid  is  placed,  and  the 
anaesthesia  may  be  improved  by  using  firm  pressure 
with  the  hand,  particularly  in  those  positions  easily 
infiltrated  where  the  tissues  are  loose.  A  very  light 
general  anaesthesia  is  then  often  sufficient  and  the 
shock  of  the  operation  is  much  less.  This  is  seen 
particularly  when  a  big  decompression  operation  is 
done  and  with  its  use  the  hemorrhage  is  very  much 
diminished.  No  major  operation  should  be  at- 
tempted without  infiltration. 

It  sometimes  happens  that  after  an  unsuccessful 
attempt  to  deal  with  secondary  haemorrhage,  am- 
putation of  a  limb  is  decided  upon,  but  the  condition 
of  the  patient  is  critical.  It  has  several  times  proved 
very  helpful  to  apply  a  tourniquet  just  tightly  enough 
to  control  the  arterial  circulation  and  then  to  improve 
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the  patient's  condition  by  saline  infusion  with  ad- 
renalin or  pituitary  extract,  and,  having  given  mor- 
phia, to  wait  two  or  three  hours  before  operating. 

During  Operation.  There  is  little  more  to  be  done 
for  the  general  condition  if  the  methods  before 
given  have  been  used.  As  stated  previously,  shock 
is  not  to  be  met  with  stimulants.  If  the  patient  is 
straining  or  rigid  more  morphia  may  be  given. 
Warmth  of  the  room  and  operating-table  is  neces- 
sary and  any  signs  of  collapse  may  be  met  with 
adrenalin  or  pituitary  extract.  Saline  infusion  is 
probably  only  of  use  if  there  has  been  haemorrhage. 

Cutting  with  a  sharp  knife  causes  less  shock  than 
tearing  the  tissues  and  any  manipulation  should  be 
as  gentle  as  possible. 

When  severe  collapse  has  occurred,  oxygen  may  be 
administered  and  the  patient's  head  lowered  by 
tilting  the  operation-table. 

After  Operation.  The  patient  should  be  kept  very 
warm.  A  very  convenient  method  of  warming  a  bed 
is  to  place  an  electric  lamp  under  a  cradle  supporting 
the  blankets.  This  is  very  efficacious  and  the  weight 
of  bedclothes  is  avoided.  If  the  circulation  is  bad 
the  foot  of  the  bed  is  raised  two  feet  and  the 
extremities  bandaged  if  this  is  deemed  necessary. 
The  same  measures  should  be  used  for  the  treatment 
of  collapse  as  during  operation.  Adrenalin  may  be 
repeated  frequently  as  its  effect  is  very  temporary, 
but  that  of  pituitary  extract  is  more  lasting  and  the 
effect  of  a  second  administration,  unless  at  several 
hours'  interval,  is  very  small.  It  is  most  important 
to  control  pain  by  the  injection  of  morphia  even 
if  the  pulse  is  very  feeble  and  rapid.  Continued 
vomiting  is  very  distressing  to  the  patient  and  acts 
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very  adversely  on  the  vaso-motor  mechanism. 
If  quantities  of  mucus  and  bile  are  frequently  being 
ejected  it  is  well  to  give  a  teaspoonful  of  bicarbonate 
of  soda  in  a  cupful  of  warm  water.  This  is  quickly 
returned  but  often  does  much  good  by  washing  out 
the  stomach.  If  fluid  is  constantly  being  lost  by 
vomiting,  saline  should  be  administered  by  the  rec- 
tum. Saline  solution  is  often  with  advantage  re- 
placed by  a  5  per  cent,  solution  of  glucose.  As  soon 
as  vomiting  has  ceased  cold  water  should  be  given 
in  increasing  quantities  by  the  mouth.  Fluid  is 
much  more  important  than  food  during  the  first 
twenty-four  or  forty-eight  hours.  In  severe  cases 
of  sepsis  with  high  temperature  it  is  often  of  service 
to  augment  the  amount  of  fluid  by  a  continuous  flow 
of  saline  into  the  rectum. 

Having  tided  the  patient  over  the  first  two  days 
there  is  no  object  gained  in  keeping  him  on  a  very 
low  diet,  particularly  slops.  The  degree  of  sepsis 
from  which  he  is  suffering  demands  a  long  fight  before 
the  body  can  overcome  its  invaders.  Large  quanti- 
ties of  milk  are  difficult  of  assimilation  and  tend  to 
flatulence  and  constipation.  Milk  is  much  better 
given  in  the  form  of  custard  if  the  patient  will  take 
it.  Any  slop  diet  is  deficient  in  calories,  and  as  soon 
as  possible  Benger's  food,  mince,  fish,  chicken,  and 
ordinary  roast  meat  should  be  given.  Stimulants 
probably  are  chiefly  stimulating  to  the  appetite, 
and  if  a  patient  takes  food  better  with  stout  or 
wine  he  will  benefit  by  it. 

Finally,  means  should  be  taken  to  procure  sleep. 
Morphia  should  only  be  given  for  the  relief  of  pain. 
Probably  a  little  whiskey  is  as  good  as  most  sedatives 
and  it  often  acts  well. 


CHAPTER  III 
TREATMENT  OF  WOUNDS 

THE  first  treatment  which  a  wound  receives  in 
war  is  the  application  of  the  first  field  dressing. 
It  is  a  matter  of  chance  in  modern  war  by  whom 
this  dressing  is  applied.  It  may  be  applied  by  a 
regimental  medical  officer,  by  a  regimental  stretcher- 
bearer,  or  by  the  patient  or  one  of  his 'comrades. 
The  dressing  is  carried  by  the  patient,  and  consists 
of  a  cyanide  gauze  pad  fixed  to  a  bandage.  An 
attempt  has  been  made  to  render  the  dressing  more 
efficient  by  providing  ampoules  containing  2  per 
cent,  iodine.  The  aphorism,  "  The  patient's  life  is 
in  the  hands  of  the  man  who  applies  the  first  field 
dressing  "  is  no  longer  true.  The  missile  will,  in 
most  cases,  carry  infection  into  the  depths  of  the 
wound,  and  the  severe  infection  producing  anaerobic 
disturbances  is  probably  usually  carried  to  con- 
siderable depth.  The  first  field  dressing  will,  there- 
fore, only  prevent  a  secondary  contamination  of  the 
wound  from  the  patient's  clothes  and  skin.  Pro- 
fessor Lorrain  Smith,  Professor  Drennan,  Dr. 
Theodore  Rettie,  and  Lieutenant  William  Campbell, 
R.A.M.C.,  carried  out  investigations  with  the  object 
of  providing  an  ideal  antiseptic  for  use  in  the  field 
in-  order  to  prevent  sepsis.  They  ai rived  at  the 
following  conclusions  : 
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(1)  Comparative  tests  confirm  the  conclusion  already  arrived 
at  by  various  investigators  that  hypochlorous  acid  is  the  most 
powerful  antiseptic  known. 

(2)  Practical   methods   of   using   this   antiseptic   have   been 
devised. 

(3)  It  can  be  used  either  as  a  gas  or  as  a  solution.     The 
advantage  of  using  the  gas  is  that  it  will  penetrate  and  will  act 
at  a  distance. 

(4)  Both  the  gas  and  the  solution,  while  extremely  potent 
against  organisms  and  their  spores,  cause  little  or  no  harm  to 
the  tissues. 

(5)  The  effect  of  this  antiseptic  is  purely  local ;  the  decomposi- 
tion products  are  devoid  of  toxicity,  and  there  is,  therefore,  no 
danger  to  be  apprehended  from  absorption. 

(6)  A  flow  of  lymph  is  induced  from  the  wound  as  part  of  the 
reaction  of  the  tissues. 

(7)  Fsetor  is  rapidly  eliminated. 

(8)  If  pain  .and  irritation  occur  they  can  be  easily  controlled 
by  reducing  the  concentration  of  the  antiseptic. 

(9)  The  practical  advantages  of  this  antiseptic  for  field  use 
are: 

(a)  It  can  be  used  as  a  dry  powder  and,  therefore,  obviates 
the  difficulty  of  procuring  water. 

(6)  It  can  be  introduced  into  the  gauze  pad  of  the  first  field 


(c)  Where  water  is  available  the  same  powder  can  be  made 
up  as  a  lotion  for  general  use. 

(10)  The  constituents  of  the  powder  are  inexpensive  and  easily 
procured  ;  and  the  preparation  of  the  antiseptic  is  extremely 
simple.— B.M.J.,  July  24,  1915. 

The  practical  value  of  this  antiseptic  as  a  first 
field  dressing  has  yet  to  be  decided,  but  for  the  reason 
already  mentioned,  the  prevention  of  sepsis  by  any 
superficially  applied  antiseptic  is  very  doubtful 
when  the  missile  penetrates  septic  clothing  and  skin. 
The  successful  treatment  of  wounds  consists  in 
the  removal  of  septic  matter  at  the  earliest  possible 
moment.  This  can  only  be  done  in  a  field  ambulance 
or  clearing  station,  and  the  rapidity  with  which  the 
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wounded  can  be  transferred  to  a  place  equipped  for 
operations  will  determine  the  success  of  the  results. 

The  second  stage  in  the  surgical  treatment  of 
gunshot  wounds,  the  really  important  stage,  takes 
place  when  the  first  field  dressing  is  removed.  It 
is  of  the  utmost  importance  that  this  should  take 
place  at  the  earliest  possible  opportunity.  The 
field  ambulance  is  the  unit  which  should  perform 
this  dressing,  and  only  exceptional  stress  should 
warrant  the  return  of  patients  to  the  clearing 
hospital  without  redressing.  The  first  field  dressing 
has  probably  been  applied  by  the  patient  himself 
or  his  comrade  with  dirty  hands  to  dirty  skin,  or 
if  applied  by  a  medical  officer,  applied  under  un- 
favourable circumstances.  The  dressing  is  fre- 
quently too  tightly  bandaged,  and  very  considerable 
harm  has  often  resulted  from  the  long-continued 
pressure  of  these  dressings. 

The  Removal  of  the  First  Field  Dressing  and  the 
Dressing  of  the  Wound.  The  patient  is  placed  upon 
an  operating  table  or  some  improvised  table  ;  an 
assistant  removes  the  clothes  from  the  limb,  or  in 
the  case  of  a  wound  of  the  trunk  from  the  neighbour- 
hood of  the  wound.  The  limb  is  elevated  and 
supported  whilst  a  towel  is  placed  beneath  it ;  the 
assistant  cuts  away  the  first  field  dressing,  and  the 
limb  is  cleaned  with  ether  before  being  lowered  to 
the  towel. 

The  surgeon  and  assistant  should  wear  rubber 
gloves.  This  is  absolutely  imperative.  There  is 
insufficient  time  for  them  to  sterilize  their  hands 
between  the  cases  by  ordinary  means,  and  the  use 
of  the  gloves  enables  them  to  clean  up  with  strong 
antiseptics. 

3 


34  SURGERY  IN  WAR 

In  the  case  of  small  and  superficial  wounds,  2 
per  cent,  iodine  painted  on  the  wound  and  the 
surrounding  skin  has  been  the  routine  treatment. 
It  is  important  that  blood  and  dirt  should  be 
removed  before  the  application  of  the  iodine,  and 
it  is  advisable  to  clean  the  wound  and  the  surround- 
ing area  with  ether  or  spirit  before  the  iodine  is 
applied.  Iodine  cannot  be  expected  to  sterilize 
skin  through  blood-clot  and  mud.  The  wound  is 
then  dressed  with  dry  cyanide  gauze,  and  in  small 
clean  wounds  this  treatment  has  proved  satisfactory, 
the  patients  usually  arriving  at  the  base  hospitals 
with  the  wounds  covered  by  a  firm  scab.  The  objec- 
tion to  this  treatment  is  that  the  combination  of 
the  iodine  and  cyanide  dressing  is  apt  to  cause 
irritation. 

In  the  case  of  more  extensive  and  foul  wounds, 
a  wet  dressing  is  often  used  ;  cyanide  gauze  wrung 
out  in  weak  antiseptic  solution  forms  a  convenient 
dressing.  A  large  drainage  tube  should  be  inserted 
into  the  depth  of  the  wound.  If  a  splint  is  used 
it  is  important  that  free  access  to  the  wound  be 
provided  for.  The  dressing  must  be  changeable 
without  removal  of  the  splint.  The  immobilization 
of  the  limb  is  advisable  in  the  case  of  extensive 
wounds  even  though  no  fracture  is  present,  as  the 
spread  of  infection  into  the  general  circulation  is  thus 
avoided,  rest  is  provided  for  the  injured  limb,  and 
the  wound  heals  more  rapidly.  Deep  wounds  will 
require  drainage  by  counter-openings  in  many 
cases. 

Antiseptics.  The  application  of  a  dilute  anti- 
septic to  a  wound  will  kill  micro-organisms  on  the 
surface  of  the  wound,  but  will  be  powerless  to  act 
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upon  the  organisms  in  the  depth  of  the  tissue.  A 
gunshot  wound  is  rapidly  surrounded  by  an  indurated 
area,  and  beyond  this  area  organisms  are  to  be 
found.  No  antiseptic  application  can  act  upon  the 
organisms  in  this  situation.  The  use  of  an  anti- 
septic is,  therefore,  probably  limited  to  the  destruc- 
tion of  recently  acquired  organisms  and  the  preven- 
tion of  secondary  infection  by  the  addition  of  foreign 
organisms  to  the  wound. 

In  the  case  of  superficial  wounds,  the  preliminary 
application  of  iodine  or  the  application  of  the  first 
field  dressing  will  kill  the  superficial  germs  intro- 
duced at  the  time  of  the  injury  and  present  on  the 
surface  of  the  wound.  It  is  otherwise  with  deep 
wounds  ;  the  infection  has  been  carried  into  the 
depth  of  the  wound  by  the  missile,  and  the  super- 
ficial application  of  antiseptics  will  have  no  effect 
upon  sepsis  in  the  depths  of  the  wound.  An  incision 
and  irrigation  of  the  wound  will  be  required  to 
reach  the  deep  infection,  and  by  the  time  this 
procedure  is  possible  a  deep  infection  of  the  tissues 
will  probably  have  occurred  which  cannot  be 
reached  by  the  antiseptic  irrigation.  It  is,  there- 
fore, not  surprising  that  the  efficiency  of  antiseptics 
in  the  treatment  of  wounds  has  been  found  to  be 
limited. 

As  a  preliminary  application  for  the  removal  of 
recent  infection,  the  following  antiseptics  have  been 
found  satisfactory  :  2  per  cent,  iodine  in  spirit  for 
application  to  superficial  wounds  and  to  surrounding 
skin.  This  is  unsuitable  for  application  to  the 
interior  of  wounds.  Blistering  of  the  skin  often 
follows  the  repeated  use  of  iodine  ;  2J  per  cent, 
carbolic,  lysol  one  drachm  to  the  pint,  and  per- 
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chloride  of  mercury  in  dilute  solution,  have  been 
extensively  used  for  irrigating  -deep  and  dirty 
wounds.  Peroxide  of  hydrogen  in  various  dilutions 
has  been  extensively  used,  and  in  combination  with 
carbolic  acid  forms  an  efficient  method  of  cleaning 
recent  dirty  wounds. 

Drainage  is  probably  a  far  more  important  factor 
in  the  treatment  of  wounds  than  the  application  of 
antiseptics,  but  the  initial  cleaning  of  a  wound 
requires  the  application  of  an  antiseptic  in  the 
opinion  of  many  surgeons.  The  principal  object 
which  the  surgeon  has  in  view  when  cleaning  an 
infected  wound  is  the  prevention  of  severe  septic 
infection  of  an  anaerobic  character.  Peroxide  of 
hydrogen  has  been  largely  used  for  this  purpose. 
The  application  of  hypochlorous  acid  in  the  form 
of  the  solid  eupad,  or  by  repeated  irrigations  with 
"  eusol,"  promises  to  be  one  of  the  most  efficacious 
methods  of  preventing  sepsis  and  anaerobic  infection. 
Compound  fractures  which  upon  exploration  were 
found  to  be  in  a  very  infected  condition,  fragments 
of  shell  and  cloth  being  found  in  the  depths  of  the 
wound,  have  been  treated  by  removal  of  the  septic 
matter,  excision  of  the  wound  and  removal  of  the 
damaged  tissue.  The  wounds  have  then  been 
packed  very  lightly  with  gauze  impregnated  with  the 
powder  eupad.  Hypochlorous  acid  gas  is  generated, 
and  this  powerful  antiseptic  sterilizes  the  wound. 
The  local  effect  of  the  antiseptic  is  considerable  ; 
it  causes  congestion  and  oedema,  and  unless  the 
skin  is  protected  by  vaseline,  may  cause  irritation. 
After  a  few  hours  all  that  an  antiseptic  can  do  has 
probably  been  done  ;  the  superficial  portion  of  the 
wound  has  been  sterilized  and  only  the  organisms 
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in  the  depths  of  the  tissue  remain.  It  appears 
rational  to  remove  the  antiseptic  after  a  few  hours 
and  substitute  hypertonic  salt  solution.  The  follow- 
ing extracts  from  Professor  Lorrain  Smith's  article 
on  the  subject  (British  Medical  Journal,  July  24, 
1915)  explains  the  preparation  and  application  of 
hypochlorous  acid  in  the  form  of  eusol  and  eupad  : 

Hypochlorous  Acid.  For  use  as  an  antiseptic  the  gas  is 
most  conveniently  prepared  by  the  action  of  boric  acid  on  bleach- 
ing powder  in  the  presence  of  a  small  quantity  of  water.  The 
solution  is  obtained  when  the  same  action  occurs  in  the  presence 
of  a  large  quantity  of  water. 

For  convenience  we  have  given  the  name  "  eupad "  to  a 
powder  consisting  of  equal  weights  of  finely  ground  bleaching 
powder  and  powdered  boric  acid  intimately  mixed  ;  while  the 
solution  of  free  hypochlorous  acid  prepared  in  this  way  we  have 
named  "  eusol." 

Methods  of  Preparation  and  Chemical  Notes.  To  prepare 
eupad,  ordinary  comme^cjaLbleaching  powder  or  chloride  of 
lime  is  ground  in  a  mortar  to  a  fine  powder,  and  then  intimately 
mixed  with  an  equal  weight  of  boric  acid  powder.  The  mix- 
ture should  be  kept  in  closely  stoppered  bottles,  and  not  exposed 
to  light  more  than  necessary. 

Eusol  may  be  prepared  by  two  methods  : 

(1)  Twenty-five  grams  of  eupad  are  shaken  up  with  1  litre 
of  water,  allowed  to  stand  for  a  few  hours,  then  filtered  through 
cloth  or  filter  paper. 

(2)  To  1  litre  of  water  add  12-5  grammes  bleaching  powder, 
shake  vigorously,  then  add  12-5  grammes  boric  acid  powder 
and  shake  again.     Allow  to  stand  for  some  hours,  preferably 
overnight,  then  filter  off,  and  the  clear  solution  is  ready  for 
use. 

This  solution  contains  : 

Hypochlorous  acid       .          .         .     0-54  per  cent. 
Calcium  biborate          .          .          .1-28         „ 
Calcium  chloride  .          .          .0-17        „ 

Total         .          .          .          .1-99 
The  hypochlorous  acid  is  estimated  by  titration  with  N/10 
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arsenious  acid  solution  ;  this  method  is  best,  as  the  presence  of 
chlorates  does  not  affect  the  result. 

The  chemical  reaction  involved  in  the  preparation  of  hypo- 
chlorous  acid  by  the  method  described  may  be  represented  by 
the  following  equation : 

2CaOCl2  +  2H3B03  =  2HC10  +  CaB^  +  CaCl2  +  2H20. 

If  the  reaction  takes  place  in  the  presence  of  a  large  quantity 
of  water,  a  solution  of  hypochlorous  acid  is  formed  ;  if  little 
water  is  used,  gaseous  hypochlorous  acid  is  given  off. 

The  hypochlorous  acid  in  the  form  of  a  gas  is  more  mobile, 
and  will  be  absorbed  by  the  tissue  more  rapidly  and  in  larger 
quantity  than  from  the  solution  ;  this  will  explain  its  greater 
efficiency  as  an  antiseptic. 

As  the  ultimate  decomposition  product  in  the  tissue  is  hydro- 
chloric acid  or  sodium  chloride,  there  is  no  reason  to  fear  toxic 
absorption  from  this  antiseptic. 

A  concentration  of  0-5  per  cent,  hypochlorous  acid  has  been 
found  the  most  satisfactory.  Stronger  solutions  may  be  prepared 
by  this  method,  but  no  advantage  is  gained,  as  they  rapidly  lose 
strength,  coming  down  to  about  0-5  per  cent,  free  acid,  after 
which  they  decompose  more  slowly  ;  for  practical  purposes  a 
solution  of  0-5  per  cent,  remains  effective  for  from  three  weeks 
to  a  month. 

Methods  of  Use.  It  is  convenient  to  group  these  under  an 
independent  heading.  While  we  indicate  those  methods  we 
have  observed  in  use,  there  are  no  doubt  others  which  further 
experience  will  suggest. 

(a)  Eusol.     Standard  strength,  approximately  0-5  per  cent, 
hypochlorous  acid. 

(1)  As  a  lotion  ;   diluted,  if  necessary,  with  water  or  normal 
saline. 

(2)  As  a  fomentation  ;  covered  with  waterproof. 

(3)  On  gauze  wrung  out  of  the  solution  and  applied  without 
a  waterproof  covering. 

(4)  As  a  bath  ;  full  strength,  or  diluted  as  indicated. 

(b)  Eupad.     Where  it  is  desired  to  apply  a  more  concentrated 
antiseptic,  eupad  may  be  employed  as  follows : 

(1)  Eupad  enclosed  between  layers  of  gauze  or  lint  charged 
with  water  sufficient  to  moisten  the  powder  ;  this  is  applied  to 
the  wound  and  covered  with  wool  and  a  bandage. 

(2)  Applied  as  above,  but  covered  with  waterproof.     This 
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should  be  applied  only  for  a  short  period — ten  to  twenty 
minutes  as  a  rule.  Occasionally  this  strong  application 
causes  pain,  and,  should  this  occur,  a  weaker  application  is 
indicated. 

(3)  On  strands  of  gauze  or  wool  impregnated  with  the  powder 
and  used  for  drainage. 

(4)  As  a  dusting  powder — for  example,  on  open  septic  sores. 
The  general  principle  of  the  antiseptic  application  is  that  it 

should  secure  the  maximum  antiseptic  effect  with  the  minimum 
of  local  irritation. 

Where  it  is  found  desirable  to  increase  the  antiseptic  effect 
of  the  solution,  a  little  of  the  powder  may  be  added  to  it  just 
before  it  is  applied,  or  a  small  amount  of  powder  may  be  dusted 
on  to  the  wet  gauze.  In  these  ways  the  action  of  the  solution 
may  be  reinforced. 

In  conclusion  we  have  to  express  our  indebtedness  to  members 
of  the  surgical  staffs  of  the  hospitals  to  which  we  have  referred 
for  their  kind  co-operation  and  help  in  this  investigation. 

Dr.  Alexis  Carrel  (in  Bulletin  de  I'Academie  de 
Medecin,  T.I.  XXIV.,  No.  40)  finds  that  0-5  per  cent, 
eusol  causes  an  irritation  to  the  skin  or  tissues.  The 
powerful  antiseptic  action  is  of  short  duration  and 
is  lost  by  contact  with  albuminous  substances.  In 
order  to  obtain  continuous  antiseptic  action,  he 
adopts  the  following  procedure  :  The  wound  is 
washed  out  with  eusol  solution,  0-5  per  cent.,  care 
being  taken  that  the  solution  is  applied  to  every 
cavity  of  the  wound.  Perforated  rubber  tubes,  6  mm. 
in  diameter,  covered  with  bath  towelling,  are  led 
to  every  pocket  of  the  wound.  In  the  case  of 
compound  fractures,  the  tubes  are  carried  to  the 
site  of  the  fracture  and  the  ends  lie  among  the 
fragments.  The  wound  is  then  filled  with  gauze 
and  covered  with  non-absorbent  cotton,  through 
which  the  tubes  project.  Either  continuous  irriga- 
tion is  employed  or  eusol  solution  is  run  into  the 
tubes  every  hour. 
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In  the  more  successful  cases  the  wound  became 
aseptic  to  examination  and  was  closed  with  plaster. 
Recent  wounds  containing  shell  and  septic  matter 
had  become  healthy  in  three  to  five  days.  Septic 
compound  fractures  treated  by  this  method  became 
clean  and  healed  like  aseptic  fractures. 

The  following  account  of  the  results  of  100  cases, 
one-half  treated  by  2  per  cent,  iodine,  and  the  other 
half  by  pure  carbolic  acid,  is  a  good  example  of  the 
limited  effect  which  powerful  antiseptics  are  capable 
of  producing.  The  treatment  was  under  the  obser- 
vation of  Sir  A.  Bowlby  at  the  front,  the  cases  came 
under  the  care  of  Mr.  Kelly  at  the  base,  and  Mr. 
Fleming  carried  out  bacteriological  investigations. 
The  work  at  the  base  was  under  the  observation  of 
Colonels  Sir  Almroth  Wright,  G.  H.  Makins,  and 
F.  F.  Burghard. 

The  results  obtained  were  shortly  as  follows  :  Of  the  50  cases 
treated  with  pure  carbolic  acid,  only  27,  as  the  result  of  accidents 
of  transport,  reached  the  hospital  where  observations  were  being 
made. 

The  interval  between  the  reception  of  the  injury,  and  the 
application  of  the  permanent  dressing  was — 

In  8  cases,  twelve  hours. 
In  16  cases,  twenty-four  hours. 
In  2  cases,  forty-eight  hours. 
In  1  case,  three  days. 

The  patients  arrived  at  the  base — 

In  12  cases,  two  days  after  the  injury. 
In  11  cases,  three  days  after  the  injury. 
In  1  case,  four  days  after  the  injury. 
In  1  case,  ten  days  after  the  injury. 

The  nature  of  the  injuries  was  5  superficial  wounds,  8  deep 
penetrating  wounds,  7  wounds  of  the  hand,  2  wounds  of  one 
finger,  3  compound  fractures  of  the  thigh,  2  compound  fractures 
of  the  arm. 
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Thirteen  were  classified  as  "  clean  "  but  infected  (in  two  of 
these,  fractures  of  the  femur  and  humerus  respectively,  large 
drainage  tubes  had  been  inserted),  8  were  classified  as  "  foul," 
2  were  suppurating  freely,  and  4  had  definite  gaseous 
cellulitis. 

In  addition  one  patient  (the  28th)  developed  gaseous  cellulitis 
the  day  after  the  application  of  the  pure  carbolic  acid,  was  unfit 
to  travel,  and  died  at  the  clearing  station. 

In  two  of  the  cases  no  material  for  culture  could  be  obtained 
as  they  had  already  healed.  In  the  remaining  25,  organisms 
were  present,  B.  perfringens  in  all  but  5. 

In  16  the  organisms  were  mixed. 

In  2,  B.  perfringens  and  streptococcus. 

In  2,  B.  perfringens  only. 

In  2,  staphylococcus  only. 

In  1,  streptococcus  and  coliform  bacilli. 

In  1,  B.  perfringens  and  staphylococcus. 

In  1,  streptococcus  and  staphylococcus. 

The  whole  50  cases  treated  with  2  per  cent,  iodine  solution 
were  recovered  at  the  base. 

Period  elapsing  between  the  reception  of  the  wound  and 
application  of  the  permanent  dressing. 

In  13,  less  than  one  hour. 

In  12,  within  two  hours. 

In  7,  within  ten  hours. 

In  4,  within  twelve  hours. 

In  6,  within  twenty  hours. 

In  8,  within  twenty-four  hours. 

Period  elapsing  before  arrival  at  the  base  : 

In  20,  two  days. 

In  8,  two  and  a  half  days. 

In  19,  three  days. 

In  2,  four  days. 

Nature  of  the  Wounds.  Sixteen  superficial  wounds  or  simple 
perforations  ;  23  deeply  penetrating  wounds  ;  2  slight  wounds 
of  hand  or  finger  ;  5  wounds  of  scalp  or  face  ;  1  fractured 
humerus  ;  1  fractured  radius  ;  2  wounds  of  toe. 

Condition  of  Wounds  on  Admission.  Ten  wounds  were 
"  actually  clean,"  that  is  no  organisms  could  be  cultivated  from 
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them.     All  of  these  were  of  a  trivial  or  slight  character.     No 
cases  arrived  with  gaseous  cellulitis. 

In  6  cases  the  healed  condition  of  the  wound  allowed  no 
material  for  culture  to  be  obtained.  In  14  cases  no  organisms 
were  culturable.  Of  the  remaining  30  cases  : 

In  17,  B.  perfringens  with  other  organisms. 

In  2,  B.  perfringens  alone. 

In  3,  undetermined  bacilli  and  micrococci. 

In  1,  staphylococcus  alone. 

In  4,  streptococcus  alone. 

In  2,  diplococcus  and  staphylococcus. 

In  1,  diplococcus  and  B.  subtilis. 

A  comparison  of  the  two  series  appears  manifestly  in  favour 
of  iodine  as  an  antiseptic  medium,  but  several  sources  of  fallacy 
prevent  the  observations  from  carrying  much  weight. 

(1  )  The  27  cases  included  in  the  carbolic  series  were  certainly 
of  a  more  generally  serious  nature  than  those  of  the  iodine 


(2)  Examination  of  the  tables  shows  that  the  iodine  treatment 
(probably  from  comparative  ease  of  transport  at  the  particular 
time)  was  more  promptly  applied. 

(3)  The  patients  arrived  more  quickly  at  their  destination  in 
the  base  hospital. 

Bearing  these  three  points  in  mind  it  may  still  be  broadly 
stated  that  in  no  case  did  the  iodine  treatment  act  harmfully, 
while  the  number  of  clean  cases  was  considerable. 

With  regard  to  the  carbolic  series,  in  several  instances  the 
acid,  by  favouring  the  formation  of  an  extensive  coagulum,  led 
to  the  development  of  a  firm  scab  which  by  closing  the  wound 
aperture  led  to  harmful  retention  of  discharge  and  more  extensive 
infection  of  the  tissues. 

The  observations  in  any  case  show  that  completely  successful 
results  are  not  to  be  obtained  by  the  use  of  pure  carbolic  acid, 
and  that  the  employment  of  this  medium  without  free  drainage 
has  dangers  of  its  own. 

Consideration  of  the  two  series  combined  shows  conclusively 
that  under  the  conditions  which  attend  the  treatment  of  the 
wounds,  viz.  the  gross  nature  of  the  contamination  of  the  tissues, 
and  the  interval  of  time  which  elapses  between  reception  of  the 
injury  and  the  attempt  to  render  a  wound  cavity  aseptic,  little 
success  is  to  be  hoped  for  by  treatment  of  serious  wounds  by 
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chemical  antiseptics.  In  practically  no  instance  did  a  wound 
of  any  extent  arrive  at  the  base  free  from  infection.  The 
organisms  present,  with  but  few  exceptions,  comprised  the 
anaerobes  amongst  their  number,  and  streptococcus  pyogenes 
was  present  in  nearly  all.  On  the  other  hand,  the  degree  and 
extent  of  the  infection  was  obviously  dependent  on  the  thorough- 
ness with  which  effective  drainage  of  the  wound  had  been 
provided  for.  Where  this  had  been  efficient  the  wounds,  while 
not  aseptic,  were  nevertheless  in  good  condition,  and  offered  little 
difficulty  in  further  treatment.  It  is  of  interest  to  note  that  the 
officers  at  so  early  a  stage  as  the  Field  Ambulance  already  in  their 
reports  refer  to  the  growing  tendency  to  rely  on  free  drainage. 

Experience  Gained  at  the  Base  Hospitals.  (1)  All  cases,  except 
those  of  the  simplest  type  of  bullet  wound,  are  infected  at  the 
time  of  reception  into  the  base  hospital. 

(2)  The  mere  fact  of  infection,  which  is  recognized  as  inevitable 
under  the  conditions  to  which  the  patients  have  necessarily  been 
subjected,  proves  of  minor  importance  providing  that  the  wounds 
have  been  efficiently  drained. 

(3)  The  cases  which  do  badly  are  those  in  which  either  from 
the  topography  of  the  wound,  or  as  a  result  of  obstruction  of 
the  external  opening,  free  discharge  has  been  interfered  with. 
Thus  in  practically  every  case  in  which  the  wound  has  been 
closed  by  sutures,  extension  of  the  area  of  infected  tissue  has 
resulted,  and  the  first  step  in  its  treatment  at  the  base  hospital 
consists  in  removal  of  the  sutures  and  free  opening  up  of  the 
wound.     This  has  been  specially  the  case  in  wounds  of  the  face, 
in  scalp  wounds,  and  fractures  of  the  skull,  whether  or  not  a 
primary  operation  has  been  performed. 

Again,  the  number  of  amputations  which  heal  primarily  after 
suture,  even  with  the  provision  of  drainage  which  would  be  con- 
sidered in  civil  practice  more  than  ample,  certainly  cannot  exceed 
5  per  cent.  In  many  cases  free  sloughing  of  the  flaps  takes 
place,  and  in  the  vast  majority  extensive  suppuration.  In 
practically  every  amputation  which  has  been  closed,  it  is  neces- 
sary as  a  first  step  at  the  base  to  remove  the  sutures.  The  effect 
of  early  transport  is  particularly  bad  in  these  cases. 

Even  when  incisions  have  been  made  through  normal  tissue 
for  the  removal  of  bullets,  the  wounds  if  sutured  suppurate 
eventually.  (On  several  occasions  bacteriological  investigation 
at  the  base  has  shown  retained  bullets  to  be  sterile,  even  when 
the  wound  of  entry  is  infected.) 
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Bad  results  are  usually  seen  in  all  cases  in  which  it  has  been 
considered  necessary  to  introduce  plugs,  or  where  the  application 
of  strong  antiseptics  to  a  wound  leading  to  a  large  internal 
cavity  has  led  to  the  formation  of  a  firm  crust  obstructing  the 
external  aperture.  On  the  other  hand,  the  introduction  of  a 
large  drainage  tube,  even  without  the  provision  of  a  counter- 
opening,  appears  to  ensure  a  "  healthy  wound,"  in  spite  of  the 
occurrence  of  infection,  and  such  cases  usually  do  well. 

It  appears  to  be  impossible  to  draw  but  one  conclusion  from 
these  observations,  viz.  the  importance  of  the  mechanical  factor 
in  the  treatment  of  the  wound.  Thorough  mechanical  cleansing 
of  the  surfaces,  the  provision  of  effectual  drainage  by  the  introduc- 
tion of  large  tubes,  the  avoidance  of  use  of  sutures  or  any  form 
of  plug  calculated  to  interfere  with  the  free  flow  of  lymph  or 
later  pus,  are  the  primary  measures  on  which  chief  reliance  can 
be  placed. 

The  application  of  chemical  antiseptics  is  only  to  be  regarded 
as  one  part  of  the  procedure  directed  towards  the  destruction  or 
inhibition  of  free  organisms  within  the  wound  cavity,  and  in  the 
tissues  which  immediately  bound  it,  and  as  preventing  the 
external  dressings  from  forming  a  suitable  nidus  for  abundant 
bacteriological  growth  in  direct  contact  with  the  wound.  The 
importance  of  furthering  the  free  flow  of  lymph  from  the  tissues 
bounding  the  wound,  and  hence  the  ill-effects  of  any  application 
tending  to  produce  coagulation  on  or  within  the  exposed  surface, 
is  especially  emphasized  by  Sir  Almroth  Wright. 

The  chief  elements  in  the  treatment  of  large  septic 
wounds  are  the  provision  of  adequate  drainage  and 
the  removal  of  foreign  bodies  and  dead  tissue.  The 
dead  tissue  may  be  removed  by  cutting  away  with 
scissors,  or  in  some  cases  the  wound  may  be  curetted 
with  a  blunt  spoon.  The  whole  wound  may  be 
excised  with  advantage  in  some  cases. 

Wound  Drainage.  The  base  offers  opportunities 
for  the  more  elaborate  exploitation  of  this  important 
factor  in  the  treatment  of  wounds. 

At  the  conclusion  of  the  cleansing  operation,  if 
a  counter-opening  for  dependent  drainage  is  required, 
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it  can  be  made  safely  and  conveniently  by  passing 
some  such  instrument  as  a  scoop  or  bullet  forceps 
into  the  wound  and  pressing  its  point  from  the 
inside  against  the  skin  at  the  point  at  which  the 
drainage  incision  is  to  be  made.  A  counter-incision 
can  then  be  made  by  cutting  down  upon  the  instru- 
ment without  fear  of  damaging  important  structures. 

A  rubber  drainage  tube  simply  acts  as  a  means 
of  keeping  the  walls  of  the  wound  apart,  since  as 
much  discharge  passes  out  of  the  wound  outside  the 
drainage  tube  as  through  its  lumen.  If  gauze  drains 
are  introduced  the  gauze  is  apt  to  get  clogged  and 
dried  at  some  point,  and  it  then  acts  as  a  plug  and 
not  as  a  drain. 

The  drainage  value  of  ordinary  loose- woven  cotton 
bandage  is  greater  than  that  of  gauze.  If  two  strips 
of  two  and  a  half  inch  bandage  be  arranged  so  that 
they  drain  a  basin  of  normal  saline  solution  into 
a  basin  placed  about  a  foot  below,  it  will  be  found 
that  the  bandage  drains  the  solution  from  the  upper 
vessel  at  the  rate  of  more  than  a  pint  an  hour.  This 
forms  one  of  the  most  valuable  methods  of  draining 
a  wound.  One  end  of  a  bandage  is  placed  in  the 
wound,  the  other  end  is  carried  into  a  bowl  con- 
taining a  little  saline.  The  wound  is  kept  wet 
either  by  an  irrigation  drip  or  by  frequently  pouring 
saline  into  the  wound.  If  a  dependent  drainage 
counter-opening  has  been  made,  a  split  rubber 
drainage  tube  is  passed  through  the  wound  and 
the  bandage  slips  passed  alongside  this  tube. 

Irrigation  of  Wounds.  The  object  of  dressing  a 
wound  is  to  free  it  of  toxic  matter.  If  the  dressings 
are  simply  removed  and  replaced  by  clean  ones,  a 
layer  of  toxic  matter  still  covers  the  wound.  The 
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absorption  from  a  film  of  septic  matter  probably 
differs  little  from  the  absorption  from  a  pool  of 
septic  matter,  so  the  result  of  simply  changing  a 
dressing  is  merely  to  limit  the  decomposition  of 
discharges  on  the  dressings. 

In  order  to  dress  a  wound  efficiently,  some  means 
must  be  adopted  which  will  clean  the  wound  of 


FIG.  1.     Fracture  of  femur  treated  by  a  Thomas  splint  and 

continuous  irrigation.     The  splint  is  raised  and  a  tray 

placed  beneath  the  wound.* 

septic  matter  at  each  dressing,  or  preferably  one 
which  will  carry  out  a  continuous  cleansing  of  the 
wound.  This  result  can  be  obtained  by  irrigating 
a  wound  when  changing  the  dressing  or  by  con- 
inuous  irrigation  of  the  wound.  The  osmotic 
action  of  hypertonic  solution  is  taken  advantage 

*  The  thigh  at  the  site  of  fracture  is  supported  by  a  sheet  of 
perforated  zinc  (not  shown  in  Figure)  covered  only  by  two  layers 
of  gauze  and  held  in  position  by  bending  its  edges  over  the  lateral 
bars  of  the  splint.  A  hole  is  cut  in  the  zinc  to  admit  the  passage 
of  a  drainage  tube.  Dressings  are  applied  to  the  zinc  plate  when 
redressing,  and  not  to  the  skin. 
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of  for  the  same  reasons  ;  the  effect  of  hypertonic 
solution  in  the  wound  is  to  produce  a  continuous 
drainage  from  the  tissues  into  the  wound,  con- 
tinually removing  from  the  surface  of  the  wound 
the  film  of  toxic  matter,  and  thus  limiting  septic 
absorption. 

Irrigation  is  best  carried  out  by  arranging  a 
continuous  drip  of  saline  solution  on  to  gauze  placed 
in  the  wound.  The  irrigation  of  fluid  through  the 
lumen  of  rubber  drainage  tubes  is  practically  useless  ; 
the  fluid  merely  flows  through  the  tube  even  though 
it  be  perforated.  The  success  of  continuous  irriga- 
tion depends  upon  the  irrigating  fluid  reaching  every 
point  of  the  surface  of  the  wound,  and  upon  free 
drainage.  An  undrained  pocket  renders  the  treat- 
ment a  failure.  Dependent  counter-drainage  open- 
ings contribute  largely  to  the  success  of  this  method. 
Drainage  is  very  much  facilitated  by  the  employ- 
ment of  the  capillary  bandage  drains. 

Peroxide  of  hydrogen  has  been  largely  used  for 
continuous  irrigation  with  good  results.  Weak 
solution  of  iodine,  solutions  of  hypochlorous  acid 
have  their  uses,  but  have  been  largely  replaced  by 
hypertonic  saline  treatment. 

The  wounds  found  to  be  most  suitable  for 
treatment  by  continuous  irrigation  are  compound 
fractures,  and  deep  septic  wounds,  particularly  of 
the  upper  arm  and  thigh.  Fomentations  of  hot 
boracic  acid  solution  have  been  found  to  clean  up 
wounds  rapidly  ;  in  many  cases  they  form  a  useful 
mode  of  treatment  to  alternate  for  a  day  or  two 
with  one  of  the  other  forms  of  treatment.  It  has 
been  found  that  some  wounds  which  are  not  clean- 
ing or  healing  rapidly,  in  fact  have  become  sluggish 
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under  one  form  of  treatment,  improve  in  a  surprising 
manner  when  the  treatment  is  changed. 

The  Bath  Treatment  of  Wounds.  The  usual  anti- 
septic solutions  are  used  in  the  bath  treatment  of 
wounds.  Hypertonic  solution  has  largely  replaced 
the  antiseptic  bath.  Bath  treatment  is  the  ideal 
one  for  wounds  of  the  limbs  below  the  elbow  and 
knee.  It  is  unnecessary  and  undesirable  to  continue 
the  bath  too  long  ;  the  bath  has  the  disadvantage 
of  being  very  tiring  to  the  patient  and  is  almost 
impossible  for  patients  in  a  serious  condition.  The 
bath  may  be  used  by  day,  fomentations  taking  its 
place  by  night,  or  the  bath  may  be  used  for  a  few 
hours  of  the  day,  and  irrigation  used  for  the 
remainder.  Three  or  four  days  bath  treatment  is 
usually  sufficient.  Wounds  treated  in  the  bath  for 
a  longer  time  take  on  a  sodden  appearance,  with 
unhealthy  granulations.  When  it  is  remembered 
how  dissimilar  are  the  powers  of  healing  of  wounds 
of  such  regions  as  the  face  and  the  feet,  and  that 
the  superlative  healing  properties  of  the  face  are 
due  to  its  large  blood-supply,  it  becomes  apparent 
that  the  increase  of  blood-supply  to  an  injured 
limb  produced  by  a  hot  bath  forms  one  of  the  most 
efficient  measures  available  in  the  treatment  of 
wounds. 

The  Open  Treatment  of  Wounds.  In  some 
hospitals  during  the  present  year  wounds  have 
rarely  been  dressed  with  wool  and  bandage.  The 
heavy  dressing  acting  as  a  septic  poultice  has 
been  discarded,  and  simply  a  layer  of  moist 
gauze  has  been  placed  over  the  wound.  This  treat- 
ment has  usually  been  a  part  of  the  hypertonic 
saline  treatment.  The  open  treatment  has  been 
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in  every  respect  a  great  improvement  upon  the  old 
gauze,  wool,  and  bandage  dressing. 

The  Treatment  of  Septic  Wounds  by  Excision. 
The  excision  of  wounds  and  bullet  tracts  has  more 
significance  than  the  mere  removal  of  a  septic  wound 
in  order  to  save  time  in  healing  ;  it  has  become  a 
surgical  principle  applicable  to  widely  different 
spheres  of  surgery.  The  treatment  of  compound 
fractures,  cranial  injuries,  and  wounds  of  joints, 
has  been  modified  in  a  remarkable  manner  by  this 
method. 

It  is  a  radical  prophylactic  method  of  avoiding 
the  spread  of  infection.  The  best  example  of  its 
utility  is  in  cranial  surgery  ;  a  septic  compound 
fracture  of  the  skull  can  be  made  to  heal  by 
primary  union  almost  with  certainty,  provided  the 
patient  comes  under  treatment  in  reasonable  time. 
Wounds  in  the  vicinity  of,  and  even  penetrating, 
joints,  recover  in  a  way  infinitely  superior  to  those 
treated  without  excision  of  the  track.  Septic 
compound  fractures  have  been  treated  by  the 
excision  of  a  cone-shaped  piece  of  tissue  inclosing 
the  septic  track,  with  the  res  alt  that  the  fractures 
have  healed  like  aseptic  fractures. 

It  is  not  always  desirable  to  suture  wounds,  for 
instance  septic  compound  fractures  ;  the  main  utility 
of  the  procedure  is  the  removal  of  septic  matter. 

In  some  cases  foreign  bodies,  wound  track  and 
abscess  cavity,  have  been  removed  en  masse,  the 
wound  sutured,  and  healing  by  primary  union 
obtained. 

The  technique  of  the  operation  is  important,  and 
it  will  be  better  understood  by  the  description  given 
by  Colonel  H.  M.  W.  Gray,  the  distinguished 
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originator   of   this   method,  in  the  Journal  of  the 
Royal  Army  Medical  Corps  : 

The  mere  length  of  a  wound  is  no  bar  to  operation.  Some 
very  long  wounds  have  been  excised.  A  missile  may  inflict  what 
resembles  an  incised  wound  and,  because  dividing  the  tissues  at 
right  angles  to  the  line  of  their  greatest  tension,  may,  owing  to 
the  contractility  of  these  tissues,  cause  a  large  gaping  wound. 
In  such  cases  there  will  be  but  little  tension  when  sutures  are 
inserted  and  tied,  if  too  great  a  mass  has  not  to  be  excised.  One 
can  test  roughly  what  the  amount  of  such  tension  will  be,  by 
attempting  to  push  the  surfaces  of  the  wound  together. 

It  is  not  necessary  to  wait  until  the  wound  is  surgically  clean  ; 
in  fact,  in  most  cases  the  sooner  the  excision  is  made  the  better. 
The  wound  will  probably  be  soundly  healed  in  a  shorter  time 
than  it  will  take  to  clean.  During  the  "  cleaning  "  process  the 
adjacent  parts  become  so  softened  that  sutures  do  not  hold  well. 
Only  when  a  large  "  bank  "  of  inflamed  tissue  surrounds  the 
wound  is  immediate  excision  inadvisable  on  account  of  the 
septic  condition  of  the  wound.  In  such  cases  it  is  probable 
that  organisms  have  penetrated  to  a  considerable  depth  and 
will  cause  trouble  when  the  tissues  invaded  by  them  are  subjected 
to  the  pressure  of  sutures.  By  vigorous  "  salting  "  (hypertonic 
treatment)  such  wounds  are  usually  rendered  suitable  for  excision 
in  twenty-four  to  forty-eight  hours.  Other  contra-indications 
are  the  presence  of  marked  pocketing  in  the  wound  and  the 
exposure  of  vascular  or  nerve  trunks  in  the  depth  or  of  bone 
which  it  is  inadvisable  or  impossible  to  remove. 

In  any  case  excision  of  the  soiled  edges  of  skin  and  of  the 
superficial  connective  tissue  and  muscle  may  be  done  with 
advantage.  The  healing  process  in  the  wound  as  a  whole  is 
thereby  accelerated. 

Certain  bony  prominences,  such  as  a  vertebral  spine  or  the 
edge  of  the  acromion  process,  may  be  capable  of  removal  with 
the  other  infected  tissues.  The  presence  of  pocketing  in  a  wound 
is  very  important.  If  part  of  such  a  pocket,  or,  indeed,  if  any 
septic  focus  be  left,  the  operation  will  probably  prove  a  failure. 

The  technique  is,  therefore,  very  important.  The  operation 
can  usually  be  done  under  infiltration  anaesthesia  of  the 
neighbouring  parts.  It  is  well  to  add  plenty  of  adrenalin  to 
the  anaesthetic  solution  so  that  haemorrhage  during  the  opera- 
tion is  avoided.  Accurate  haemostasis  is  important  for  success. 
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The  parts  around  are  shaved  and  disinfected  very  thoroughly. 
The  wound  is  wiped  out,  dried,  and  packed  with  gauze. 

For  disinfecting  purposes  in  these  cases  I  favour  the  use  of 
very  strong  iodine  solution  (5  to  10  per  cent,  in  spirit  or  ether). 
This  is  painted  thoroughly  into  every  part  of  the  wound  and 
over  the  surrounding  skin  for  a  considerable  area.  It  has  the 
effect  of  drying  the  surface  of  the  wound  in  a  remarkable  manner. 
The  strong  iodine  is  wiped  off  the  skin  with  spirit  or  ether  at 
the  end  of  the  operation. 

The  skin  close  to  each  extremity  of  the  wound  is  caught  up 
by  a  tissue  forceps  or  loop  of  thread  and  slight  traction  is  made 
in  a  direction  away  from  the  centre  of  the  wound  at  an  angle 
of  about  forty-five  degrees  with  the  sound  skin.  The  whole 
wound  is  then  cut  away  en  m&sse  (skin,  flesh,  and,  if  necessary, 
bone)  at  a  distance  of  about  one-third  to  one-half  an  inch  from  the 
raw  surface.  Care  must  be  taken  that  pockets  or  general  surfaces 
of  the  wound  are  not  cut  into  during  this  procedure.  Bony 
prominences  are  removed  along  with  the  soft  parts  by  dividing 
them  with  bone-pliers,  gouge-forceps  or  chisel.  If  the  wound 
is  deep  it  is  sometimes  of  advantage  to  insert  the  finger  into  the 
wound  as  a  guide  to  where  the  tissues  must  be  divided. 

A  very  sharp  scalpel  is  invaluable.  Cutting  out  the  wound 
in  pieces  makes  success  precarious. 

The  new  wound  surfaces  should  now  be  washed  out  with  saline 
solution  and  packed  with  gauze,  and  the  surrounding  skin  wiped 
free  of  blood  or  discharge.  Fresh  towels,  fresh  instruments,  and 
if  the  wound  has  been  handled,  fresh  gloves  should  now  be 
used. 

The  wound  should  be  closed  by  wide  sutures  which  under- 
run  its  floor  so  that  no  dead  spaces  are  left.  It  may  be  necessary 
to  suture  in  layers.  If  so,  the  suture  of  each  layer  should  include 
some  of  the  tissue  of  the  deeper  layer.  The  skin  should  be 
accurately  approximated  by  a  few  fine  sutures.  Further  relaxa- 
tion sutures  are  not  often  necessary. 

The  following  dressing  should  then  be  applied.  The  line  of 
sutures  and  the  adjacent  skin  for  several  inches  should  be  painted 
with  a  wound  varnish,  of  which  mastic,  dissolved  in  some  rapidly 
evaporating  solvent,  forms  the  important  part  (40  to  50  per 
cent.).  When  the  varnish  has  become  "  sticky  "  (after  one  and 
a  half  to  two  minutes),  a  covering  of  gauze,  at  least  two  layers 
thick,  should  be  stretched  tightly  and  smoothly  over  the  sticky 
area,  gently  patted  down,  and  cotton- wool  and  bandages  applied 
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fairly  firmly.  If  it  is  desired  to  inspect  the  wound  at  any  time, 
after  removing  the  bandage  and  wool,  the  top  layer  or  layers 
of  gauze  should  be  peeled  off  by  traction  at  right  angles  to 
the  surface,  the  layer  next  the  skin  and  wound  being  at  the 
same  time  retained  by  the  other  hand.  Perfectly  satisfactory 
inspection  can  be  made  through  the  single  layer  of  gauze.  The 
loose  edges  of  the  gauze  should  be  neatly  trimmed.  In  many 
cases  no  further  dressing  is  required  until  the  stitches  are 
to  be  removed.  The  final  layer  of  gauze  is  then  peeled  off. 

If  fine  catgut  sutures  have  been  used  for  the  skin,  it  is  often 
found  that  the  knots  come  away  with  the  layer  of  gauze,  the 
deeper  parts  having  been  digested.  A  fresh  application  of  the 
mastic  varnish  and  gauze  should  then  be  made  and  left  until 
the  wound  is  firmly  healed.  The  varnish  should  on  no  account 
be  painted  over  the  gauze  after  it  has  been  applied,  otherwise 
the  gauze  cannot  be  peeled  off  as  described.  The  varnish  and 
gauze  dressing  is  important  for  success.  It  is  the  best  I 
know.  It  gives  wide  support,  relieves  tension  and  prevents 
any  dragging  on  the  stitches.  These  factors  are  of  great  value 
in  preventing  stitch  abscess. 


THE  USE  OF  ANTISEPTICS  IN  CLEANING 
SEPTIC  WOUNDS 

The  Hypertonic  Saline  Treatment  of  Wounds. 
Practically  all  surgeons  who  have  had  much  to  do 
with  such  wounds  in  France  agree  that  it  does  not 
matter  what  kind  or  what  strength  of  antiseptic 
is  used.  The  infection  runs  a  fairly  definite  course 
of  fairly  definite  duration  until  it  is  overcome  by 
other  means.  The  mere  fact  that  there  is  prac- 
tically no  variation  in  this  course  is  sufficient  proof 
that  something  else,  much  more  important  than 
the  action  of  antiseptics,  is  at  work.  The  tissues 
in  the  immediate  vicinity  of  the  wound  are  more 
or  less  devitalized,  not  only  by  the  severity  of  the 
trauma,  but  especially  by  the  condition  called  by 
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some  "  local  shock,"  peculiar  to  gunshot  wounds. 
Antiseptics  will  tend  to  maintain  this  state  of 
lowered  vitality  and  so  favour  microbic  attack. 
Every  efficient  antiseptic  is  more  or  less  toxic 
and  irritating,  so  the  less  they  are  introduced 
into  wounds  the  better. 

Victory  over  the  attacking  organisms  is  far  more 
dependent  upon  the  patient's  innate  power  of  dealing 
with  these  than  on  any  apparently  more  direct 
method  of  attacking  them  with  antiseptic  application 
to  the  wounds.  What  has  to  be  aimed  at,  there- 
fore, is  to  support  and  stimulate  the  forces  of  offence 
and  defence  which  the  patient  himself  can  bring  to 
bear  on  the  invading  organisms. 

The  necessity  of  free  drainage  and  of  the  removal 
of  foreign  matter,  including  blood  clot,  was  already 
acknowledged  by  all ;  but  we  have  to  thank  Sir 
Almroth  Wright  for  demonstrating  indisputably  the 
enormous  benefit  accruing  almost  at  once  from  the 
establishment  of  free  lavage  of  the  wound  by  lymph 
laden  with  antibodies  which  act  in  the  tissues  lining 
the  wound  as  well  as,  but  to  a  less  extent,  on  its 
surface. 

The  lymph  in  the  depth  of  the  wound  becomes 
more  inert  as  its  antibodies  are  used  up  in  the  fight 
with  micro-organisms,  and  must  be  drained  away, 
otherwise  it  becomes  a  pabulum  for  their  growth. 
"  Lymph  lavage  "  is  induced  in  Bier's  hyperaemia 
and  by  several  other  methods,  but  it  can  be  brought 
about  more  effectually,  more  easily,  and  more  com- 
fortably to  the  patient,  by  bringing  hypertonic 
solutions  of  various  sorts  into  direct  contact  with 
the  surface  of  the  wound.  Hitherto  solutions  of 
sodium  chloride  have  been  found  most  suitable. 
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The  hypertonic  solution  should  be  kept  more  or 
less  constantly  in  contact  with  the  wound  surface. 
This  may  be  done  in  various  ways  ;  by  constant  irri- 
gation, by  continuous  baths,  by  using  absorbent 
gauze  as  a  vehicle  for  its  application,  or  by  intro- 


FIG.  2.  The  capillary  properties  of  ordinary  bandage  will 
drain  salt  solution  from  one  vessel  to  a  lower  as  shown  in 
the  figure,  at  a  rate  of  over  a  pint  an  hour.  This  is  taken 
advantage  of  in  the  drainage  of  wounds  by  capillary  drains. 


ducing  the  tablets  or  salt  sacs  into  the  recesses  of 
the  wound,  so  that  the  supply  of  hypertonic  solution 
formed  when  the  patient's  own  serum  dissolves  the 
salt  is  continuous. 

This  treatment  produces  and  maintains  a  steady, 
not  too  profuse,  flow  of  lymph  into  the  wound  and 
it  should  prevent  or  greatly  lessen  the  risk  which  is 
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run  when  the  leucocytic  barrier  round  the  wound 
is  broken  through  by  extensive  incision. 


STRIP  or 
ALUMINIUM 


JACONET 


BANDAGE 


RUBBCB  TUBI.     DRAIN 
READY 


FIG.  3.  Materials  for  making  capillary  drains.  The  rubber 
sheet  and  bandage  are  rolled  around  a  strip  of  aluminium  or 
wire  in  the  form  of  a  cigarette  drain.  A  fine  rubber  tube 
is  stitched  to  the  drain.  The  drain  is  inserted  into  the 
wound  to  the  required  depth  and  then  bent  at  a  right  angle 
flush  with  the  surface  of  the  limb.  The  bandage  is  about 
twelve  inches  long  and  passes  from  the  cigarette  drain  to  a 
basin  of  saline  solution.  By  means  of  the  fine  rubber  tube 
drip  irrigation  is  carried  out.  Several  drains  may  be 
required  in  a  large  wound. 

The  surface  surrounding  the  wound  having  been 
carefully  attended  to,  shaved  and  disinfected,  the 
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wounds  are  explored,  any  foreign  bodies,  slough, 
blood,  etc.,  removed,  and  the  cavity  thoroughly 
cleansed  with  hypertonic  saline  solution. 

The  Saline  Irrigation  Treatment.    The  principle 
of  this  treatment  is  the  continuous  flushing  of  the 


FIG.  4.  Capillary  bandage  drain  in  use.  The  drain  is  re- 
tained in  position  by  bending  the  metal  support  and  strap- 
ping it  to  the  limb.  The  small  rubber  tube  provides 
continuous  irrigation  and  the  bandage  drains  by  capillary 
attraction.  The  materials  for  making  this  cigarette  drain 
are  shown  in  Fig.  3. 

wound  with  salt  solution.  The  solution  is  led  to 
every  pocket  of  the  wound  by  means  of  fine  rubber 
tubes,  the  tubes  being  stiffened  with  wire  in  order  to 
maintain  their  position.  The  wound  is  drained  by 
means  of  ordinary  bandages,  the  ends  of  which  pass 
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into  every  pocket  of  the  wound.  The  bandage 
strips  are  carried  to  a  basin  containing  fluid  placed 
about  twelve  inches  below  the  wound.  We  have 
used  aluminium  strips  to  which  the  capillary  bandage 
drains  are  attached  and  which  also  carry  a  rubber 
irrigation  tube  for  the  purpose  of  ensuring  the  irri- 
gation of  every  cavity  in  the  wound.  The  wound  is 
lightly  covered  with  gauze.  The  irrigation  is  com- 
menced with  5  per  cent,  saline  solution.  This 
strength  is  maintained  as  a  rule  until  the  wound 
becomes  clean,  when  it  is  replaced  by  normal  saline. 


102° 
101° 
100° 

99° 
98° 
97° 


FIG.  5.     Chart  of  the  German  patient.     Showing  the  fall  of 

temperature  following  the  change  from  5  per  cent,   to 

normal  saline. 

When  the  patient's  temperature  rises  to  above 
100°  F.,  the  5  per  cent,  saline  is  replaced  by  normal 
saline.  In  some  septic  cases,  the  strength  of  the 
irrigation  solution  is  raised  to  10  per  cent.  When 
the  wound  has  become  clean,  the  irrigation  is  stopped 
and  the  wound  dressed  with  gauze  soaked  with 
normal  saline. 

The  following  case  exemplifies  the  effect  of  the 
change  to  normal  saline  : 

The  patient,  a  German,  was  admitted  to  hospital,  suffering 
from  a  compound  fracture  of  the  left  femur.  There  were  two 
wounds,  one  about  four  inches  in  length  was  in  front  and  on 
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the  inner  side,  the  other,  about  two  inches  in  diameter,  was  behind. 
The  wounds  were  in  a  filthy  condition.  Under  ether,  a  Wallace 
splint  was  applied  ;  a  plate  of  perforated  zinc  sheeting  was 
sterilized  and  applied  posteriorly  next  to  the  wound  in  order 
to  support  the  thigh  and  prevent  sagging  of  the  fracture.  A 
hole  was  cut  in  the  zinc  plate,  sufficiently  large  to  admit  the 
passage  of  a  drainage  tube.  The  wounds  were  cleaned  with 
gauze,  and  irrigated  with  5  per  cent,  saline  solution.  A  drainage 
tube  was  passed  through  the  limb,  and  the  wound  was  dressed 
with  a  piece  of  gauze.  A  continuous  irrigation  of  saline  solution 
was  applied.  The  wound  cleaned  up  in  a  few  days,  and  in  six 
days  was  a  clean  granulating  surface.  The  offensive  odour  had 
completely  disappeared. 

It  will  be  seen  from  the  chart  that  the  temperature  rose  to 
101°  F.  ;  in  the  evening  on  the  seventh  night  the  saline  was 
reduced  to  1  per  cent.  The  temperature  then  fell,  and  remained 
normal. 

The  Hypertonic  Treatment  of  Wounds  by  the  Solid 
Salt  Method.  Colonel  Gray  originated  this  method 
and  employs  it  almost  to  the  exclusion  of  all  other 
methods  with  results  which  place  its  utility  beyond 
doubt.  The  method  is  continually  referred  to  in 
the  chapters  dealing  with  compound  fractures  and 
the  removal  of  foreign  bodies.  It  possesses  the 
great  advantage  of  simplicity,  an  important  factor 
when  large  numbers  of  cases  require  the  atten- 
tion of  a  limited  staff.  It  also  possesses  the 
advantage  of  allowing  transport  to  be  undertaken 
without  any  anxiety  regarding  the  dressing  of 
the  wound  on  the  journey. 

When  it  is  necessary  to  drain  a  wound  cavity,  three 
methods  are  available.  The  ideal  method  would  be 
to  expose  the  whole  of  the  interior  of  the  wound  so 
that  its  walls  become  exposed  and  more  or  less  flat. 
There  are  anatomical  and  surgical  objections  to  this 
method  as  a  rule,  but  it  is  occasionally  employed, 
for  example,  when  a  rectal  fistula  is  slit  up  and 


PLATE  1.     PRIVATE  P .    SHELL  WOUND  OF  THE  NECK. 

of  entrance  is  shown  above  the  missile 
To  face  page  59 


The  wound 
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when  an  amputation  is  performed  by  the  direct 
circular  flapless  method.  Very  inferior  to  this 
ideal  method  is  the  drainage  of  every  pocket  and 
cavity  of  a  wound  by  drains.  The  interior  of 
the  wound  is  often  very  irregular  and  it  is  some- 
times impossible  to  ensure  that  every  pocket  is 
drained.  The  third  method,  the  solid  salt  method, 
imitates  the  first  or  open  method,  by  draining  every 
position  of  the  surface  area  of  the  interior.  The 
solid  salt  method  is  carried  out  in  the  following 
manner.  The  wound  is  irrigated  with  5  per  cent, 
salt  solution  ;  the  cavity  is  then  packed  with  gauze 
soaked  with  5  per  cent,  saline  solution  and 
wrapped  in  the  gauze  are  tablets  of  salt.  Every 
portion  of  the  wall  of  the  cavity  must  be  in  contact 
with  the  gauze  or  the  treatment  will  fail.  Into  the 
depth  of  the  wound  a  large  drain  is  placed.  A  tube 
made  of  perforated  zinc  forms  a  good  drain,  or  a 
large  perforated  rubber  tube  may  be  employed. 

The  gauze  by  virtue  of  the  tablets  enwrapped  in 
its  interior  become  soaked  with  a  saturated  solution 
of  sodium  chloride  ;  the  hypertonic  properties  of  the 
solution  cause  a  flow  of  lymph  from  every  portion  of 
the  wound. 

Private  P was  admitted  to  hospital,  suffering  from  a 

shrapnel  wound  of  the  neck.  The  foreign  body  was  localized 
lying  on  the  first  rib,  which  was  fractured.  The  foreign  body 
was  removed,  and  the  wound  dressed  daily  for  some  days  with 
eusol  and  saline.  The  temperature  varied  from  99°  to  101°, 
During  the  next  five  days  the  wound  was  dressed  daily  with 
normal  saline  swabs.  This  also  had  no  effect  on  the  temperature, 
which  was  99°  each  morning,  and  101°  each  night.  On  the 
fourteenth  day  after  operation,  the  wound  was  packed  with 
saline  tabloids  wrapped  up  in  gauze  moistened  with  5  per  cent, 
saline  solution.  On  the  third  day  after  this  dressing,  the  tem- 
perature was  normal ;  on  the  fourth  day  the  temperature  was 
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98°,  and  the  wound  was  repacked  with  saline  tabloids.  The 
following  night  the  temperature  rose  to  101°.  The  dressing 
was  fairly  clean  and  stuck  firmly  to  the  granulations.  Three 
days  later  the  temperature  again  became  normal.  The  dressing 
was  left  in  position  for  seven  days,  a  little  5  per  cent,  saline 
solution  being  introduced  at  edge  of  bandage  to  moisten  the 
every  morning.  The  temperature  remained  normal. 


Packing  wounds  with  gauze  impregnated  with 
concentrated  salt  solution  must  not  be  confused 
with  the  plugging  of  wounds  with  ordinary  dressings. 
Wound  cavities  are  only  potential  spaces  and  in  order 


102° 

101° 

100° 

99° 

98° 

97° 


FIG.  6.     Showing  fall  of  temperature  after  packing  the 
wound  with  salt  on  the  fourteenth  day  and  the  rise  of  tem- 
perature on  re-dressing. 

to  drain  them  the  walls  must  be  kept  apart.  Or- 
dinary drainage-tubes  rarely  drain  every  recess  and 
elaborate  methods  are  required  to  obtain  drainage 
from  every  portion  of  the  walls  and  to  avoid  the 
shutting  off  of  pockets.  A  wound  cavity  filled  with 
gauze  and  salt  may  be  regarded  as  effectively 
drained  as  if  the  cavity  were  inverted  and  the  walls 
dressed  as  a  surface  wound.  Every  portion  of  the 
surface  area  is  drained  by  the  osmotic  action  of  the 
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salt  and  the  capillary  action  of  the  gauze  and  bandage 
is  continually  removing  the  discharge.  This  pro- 
duces a  continuous  and  automatic  drainage  and 
lavage  of  every  portion  of  the  interior  of  the  wound. 

The  tablets  of  salt  must  not  come  in  contact  with 
the  tissue  or  sloughing  will  be  caused.  The  wall  of 
the  cavity  must  be  well  protected  by  gauze.  * 

The  solid  salt  sac  is  an  improvement  upon  the 


FIG.  7.  The  upper  figure  represents  the  salt  sac  ready  for 
use,  the  lower  figure  shows  it  in  section.  The  gauze  be- 
tween the  two  layers  of  bandage  which  form  its  wall  prevents 
the  deleterious  action  of  the  solid  salt  upon  the  tissues.  The 
bandage  continuation  of  the  sac  provides  capillary  drainage. 
The  sacs  are  packed  and  kept  sterilized  ready  for  use.  They 
are  dipped  into  salt  solution  before  insertion :  the  soft 
moist  salt  allows  the  sacs  to  mould  themselves  to  every 
crevice  of  the  wound. 

tablets.  It  consists  of  a  two-walled  sac  of  suitable 
size  made  of  bandage,  between  the  layers  of  which 
four  layers  of  gauze  are  placed.  The  interior  of 

*  The  experience  of  the  use  of  potassium  sulphate  in  local  anaes- 
thesia has  led  Colonel  Gray  to  consider  its  employment  in  hypertonic 
solution,  or  as  a  solid  hypertone  in  the  place  of  sodium  chloride. 
The  analgesic  effect  of  a  sulphate  may  make  the  addition  of  some 
sulphate  to  the  common  salt  or  the  substitution  of  a  sulphate  for 
the  sodium  chloride  desirable. 
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the  sack  is  filled  with  salt  and  the  tail  of  the  bandage 
forms  a  drain.  The  sac  is  made  by  laying  a  strip 
of  open  woven  bandage  about  a  foot  in  length  flat  on 
the  table.  On  this  strip  four  layers  of  gauze  are 
placed  the  same  width  as  the  bandage  but  about 
four  inches  in  length.  On  top  of  the  gauze  another 
strip  of  bandage  is  placed.  The  sides  of  the 
bandage  strips  are  then  brought  together,  by 
doubling  the  bandage  in  its  length,  and  sewn,  so 
forming  a  sac.  The  sac  is  filled  with  salt,  and  a  few 
stitches  are  put  in  to  close  the  mouth. 

These  sacs  are  made  in  several  sizes  and  sterilized 
ready  for  use  in  the  autoclave.  One  or  more  of 
these  sacs  are  used  to  pack  a  wound,  the  interval 
between  the  sacs  being  filled  with  gauze.  A  tube 
of  perforated  zinc  or  rubber  may  be  passed  into  the 
depth  of  the  wound.  Long  slender  sacs  are  made 
to  fill  bullet  tracks.  Small  sacs  are  made  for 
draining  tracks  in  the  brain.  The  free  end  of 
the  sacs  are  passed  into  a  vessel  containing  saline 
solution  and  the  wound  then  drains  by  capillary 
drainage.  When  the  salt  is  dissolved,  the  sac 
can  be  refilled  by  squeezing  salt  from  the  part 
of  the  sac  outside  the  wound.  The  sacs  may 
usually  be  left  in  the  wound  for  eight  or  ten 
days  without  re-dressing.*  A  fine  rubber  tube  may 
be  run  in  along  each  sac,  and  drip  irrigation 
carried  out  if  required. 

Bullet  Wound  Thigh.  A  large  septic  exit  wound  of  explosive 
type  was  present.  Temperature  102 '6.  Wound  excised  and 
packed  with  salt  sacs.  Temperature  normal  on  the  sixth  day  ; 
dressing  removed.  The  wound  was  clean  and  granulating 

*  A  rise  of  temperature  has  often  followed  removal  of  salt  packs 
and  dressings.  This  can  be  obviated  by  irrigating  the  wound  for 
six  or  more  hours  before  removing  the  dressing. 
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except  a  black  slough  at  one  point  where  some  salt  had  ac- 
cidentally come  in  contact  with  the  tissues. 

Wound  of  Thigh  infected  suprapatella  bursa.  Small  punc- 
tured wound.  Temperature  102.  Incised  freely  and  three 
ounces  of  pus  removed,  packed  with  salt  sacs.  On  the  seventh 
day  re- dressed  ;  temperature  99.  Normal  the  next  day. 

Bullet  Wound  Right  Leg,  Fracture  of  Fibula.  Septic  com- 
pound fracture.  Temperature  101.  Secondary  haemorrhage 
from  posterior  tibial  artery.  Packed  with  salt  sacs.  Tempera- 
ture normal  four  days  later  and  remained  normal  until  the 
seventh  day.  Re-dressed  under  general  anaesthetic  and  repacked 
with  salt  sacs.  The  following  day  the  temperature  rose  to  104, 
and  remained  at  about  100  for  six  days,  when  the  temperature 
became  normal.  The  wound  was  clean  and  some  salt  remained 
undissolved. 

Amputation  for  Multiple  Injuries.  Septic  compound  fracture 
of  tibia  and  fibula,  suppuration  of  knee  joint,  septic  fracture  of 
lower  end  of  femur  with  abscess  formation.  Temperature  104. 
Amputation  through  lower  end  of  femur  performed  through 
septic  tissue  by  direct  circular  flapless  method.  Dressed  with 
salt  sacs.  The  dressing  was  removed  on  the  seventh  day,  the 
temperature  was  normal,  the  patient's  general  condition  good, 
and  the  wound  healthy. 

Wound  of  Knee  Joint  with  Septic  Osteomyelitis  of  Tibia. 

Private was  wounded  by  a  fragment  of  shell  which  entered 

the  left  leg  at  the  lower  margin  of  the  external  condyle  of  the 
femur.  The  leg  was  very  cedematous,  the  wound  was  very 
septic,  and  X-rays  showed  a  fragment  in  the  shaft  of  the  tibia 
at  the  junction  of  the  middle  and  upper  thirds.  The  wound 
was  packed  with  a  strip  of  gauze  and  excised,  the  knee  joint 
was  found  to  have  been  opened  by  the  missile  and  a  large  hole 
in  the  posterior  surface  of  the  tibia  was  found.  A  large  amount 
of  septic  cancellous  tissue  was  removed  from  the  upper  part  of 
the  shaft  of  the  tibia,  together  with  the  missile.  The  wound 
was  irrigated  and  packed  with  salt  sacs.  The  wound  was 
dressed  seven  days  later  and  sacs  were  inserted.  The  tempera- 
ture was  normal  and  the  wound  was  healthy.  The  patient 
recovered  with  good  movement  of  the  knee  joint. 

The  Dressing  of  Wounds.  The  frequency  with 
which  wounds  are  dressed  very  often  depends  upon 
empirical  convention  rather  than  a  scientific  or 
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clinical  reason.  The  wounds  are  often  dressed 
without  any  clear  idea  of  the  reason  for  removing  the 
dressings.  A  dressing  sticking  to  a  wound  is  fre- 
quently torn  off,  tearing  delicate  granulation  tissue, 
undoing  the  healing  of  the  wound,  and  exposing  raw 
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FIG.  8.  Removal  of  shrapnel  from  the  posterior  surface  of 
the  tibia.  The  wound  was  packed  with  salted  gauze  and 
was  not  dressed  until  the  seventh  day.  A  slight  rise  of 
temperature  followed  the  operation,  but  the  temperature 
became  normal  before  the  wound  was  dressed. 

surfaces  for  septic  absorption.  A  more  unscientific 
treatment  cannot  be  imagined.  In  some  cases  it  is 
said,  the  wound  is  dressed  in  order  to  remove  the 
discharge.  This  is  simply  an  admission  that  the 
dressing  has  been  acting  like  a  cork  in  a  bottle.  A 
rise  of  temperature  is  another  reason  given  for 
removing  a  dressing,  but  if  the  wound  is  being 
properly  treated,  changing  the  dressing  will  not 
lower  the  temperature. 

There  are  two  ways  of  dressing  a  wound  so  that 
no  harm  is  done  by  the  change  of  dressing  ;  one  is 
to  keep  a  light  dressing  continually  moist  so  that  its 
removal  is  not  felt  by  the  patient  and  no  tissue  is 
damaged  ;  the  other  is  to  leave  the  dressing  until 
it  is  quite  moist  and  can  be  removed  without  pain. 

The  dressing  and  adequate  drainage  of  these  deep 
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wounds  can  be  carried  out  by  packing  the  wound 
with  salt  sacs. 

The  dressing  of  deep  wounds  is  too  often  merely 
a  ritual,  the  dressings  and  drainage-tubes  are 
removed  and  replaced  by  clean  ones,  but  the  compli- 
cated series  of  recesses  which  make  up  the  interior 

FIG.  9.  Compound  fracture  of  the  femur.   The  wound 
and  track  of  the  bullet  were  packed  with  a  strip  of 
gauze  soaked  with  tincture  of  iodine  and  then  excised 
by  a  cone-shaped  incision  passing  down  to  the  bone. 
With  clean  gloves  and  re -sterilized  instruments  the  re 
suiting  clean  wound  was  packed  with  salt  sacs.     The 
bandage  ends  of  the  salt  sacs  can  be  seen  passing 
from  the  wound  into  a  dish  of  saline  solution.     A 
Thomas  splint  has  been  applied.     In  addition  to  the 
extension  [obtained  by  the   strapping  between  the 
leg  and  the  transverse  bar  of  the   splint,  powerful 
extension    has    been    obtained   by  connecting    the 
transverse  bar    of    the  splint  to  .the  tent 
pole  with  rubber  tubing.    This  elastic  trac- 
tion also  relieves  the  patient  of  the  pressure 
of^  the  ring'on  his  groin. 


I 


of  most  wounds  cannot  be  reached.     They  may  be 

reached  by  irrigation,  but  some  portion  of  the  wound 

will  escape  the  distending  effect  of  a  drainage-tube, 

and  the  walls  will  fall  together  and  a  pocket  will  result. 

It  is  perhaps  desirable  that  I  should  give  my  own 

lews  upon  the  much-debated  subject  of  the  treat- 

5 


66  SURGERY  IN  WAR 

ment  of  wounds.  I  have  until  lately  maintained  an 
open  mind  on  the  subject  and  have  preferred  to 
watch  the  results  of  the  various  methods  without 
bias.  I  have  been  in  the  fortunate  position  of 
having  several  surgeons  of  exceptional  ability 
working  with  me  in  the  wards  under  my  charge, 
many  of  whom  have  held  decided  views  upon  the 
merits  of  the  various  treatments  they  adopted.  No 
stereotyped  routine  treatment  has  been  employed, 
and  the  enthusiasm  and  skill  with  which  they  have 
employed  the  methods  of  their  own  selection  upon  a 
large  series  of  cases,  has  more  than  compensated  for 
any  lack  of  uniformity.  The  various  treatments 
have  formed  an  excellent  series  of  comparisons. 

I  have  found  the  results  of  treatment  by  hyper- 
tonic  solution  superior  to  any  antiseptic  treatment. 
The  combination  of  hypochlorous  acid,  in  the  form 
of  eusol,  has  not  given  any  better  results  in  my  ex- 
perience than  saline  solution,  even  in  the  hands  of 
exceptionally  capable  advocates  of  the  treatment. 
The  combination  of  the  solid  "  eupad  "  with  the 
solid  salt  has  not  appeared  to  me  to  make  any  differ- 
ence to  the  results.  The  ordinary  antiseptics,  iodine, 
boric  fomentations,  peroxide  of  hydrogen,  and 
alcohol  dressings  have  appeared  to  me  decidedly 
inferior  to  the  saline  treatment.  The  strong  anti- 
septics, for  example,  pure  carbolic,  have  not  been 
used  in  my  wards. 

Whether  an  antiseptic,  such  as  hypochlorous  acid, 
may  not  have  a  place  in  the  early  treatment  of  a 
wound  at  present  I  am  not  prepared  to  say.  It  may 
be  possible  to  sterilize  a  wound  when  the  organisms 
are  still  few  in  number,  and  are  superficially  placed, 
but  my  own  choice  would  be  to  rely  upon  the  removal 
of  grossly  septic  matter  as  early  as  possible,  and  rely 
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upon  the  hypertonic  solution  for  the  removal  of  the 
remainder. 

Both  the  saline  irrigation  method  of  Sir  Almroth 
Wright,  and  the  hypochlorous  acid  (eusol)  methods 
of  Dr.  A.  Carrel,  require  great  attention  to  detail 
and  impose  much  work  upon  the  personnel.  The 
care  and  skill  with  which  a  treatment  is  carried  out 
is  as  important  as  the  choice  of  method. 

A  band  of  enthusiasts,  aided  by  a  comparatively 
large  and  specially  trained  staff,  will  obtain  results 
very  different  to  those  which  would  be  obtained  if 
the  treatment  became  universal. 

TETANUS 

The  Memorandum  of  Treatment  gives  the  following 
account  of  the  prevention  and  treatment  of  tetanus. 

Prevention.  (A)  General  Measures.  The  steps  advocated 
in  other  parts  of  this  work  for  the  cleaning,  dressing  and 
drainage  of  freshly  received  wounds,  as  well  as  for  their  appro- 
priate surgical  treatment,  with  a  view  to  minimizing  the  risks 
of  sepsis,  are  those  which,  if  fully  carried  out,  will  also  minimize 
the  risk  of  tetanus.  They  need  not,  therefore,  be  further 
described  here. 

(B)  Special  Measures.  These  resolve  themselves  into  the 
prophylactic  use  of  tetanus  antitoxin,  a  proceeding  of  well- 
established  value. 

Prophylactic  use  of  Tetanus  Antitoxin.  Since  in  the  first  two 
months  of  the  war  more  cases  of  tetanus  occurred  than  had  been 
anticipated,  either  by  ourselves  or  our  Allies,  it  was  decided  to 
direct  that  a  preventive  dose  of  serum  should  be  given  to  every 
wounded  man,  in  place  of  leaving  this,  as  had  been  done  at  first, 
to  the  discretion  of  the  medical  officer.  The  results  have  been 
excellent  and,  in  the  last  six  months,  there  have  only  been  36 
cases  of  the  disease  among  those  who  received  a  preventive  dose 
of  serum  within  twenty-four  hours  of  being  wounded.  That 
this  is  not  due  to  the  possible  absence  of  the  cause  of  infection 
from  the  soil  is  clear  from  the  following  facts  :  (1 )  Bacteriological 
examination  of  the  wounds  has  often  proved  the  presence  of 
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tetanus  bacilli,  although  no  tetanic  symptoms  have  followed. 
(2)  Many  instances  of  slight  trismus,  or  of  localized  tetanic  spasms 
of  a  muscle  or  a  group  of  muscles,  have  been  reported,  without 
the  subsequent  development  of  generalized  tetanus.  (3)  Thirty- 
four  cases  of  severe  tetanus  have  been  reported  in  this  period 
among  the  very  small  fraction  of  wounded  men  who,  for  one 
reason  or  another,  had  not  received  a  preventive  dose  of  the 
serum  within  twenty-four  hours.  (4)  A  considerable  number 
of  wounded  horses  continue  to  develop  the  disease. 

The  general  use  of  preventive  inoculation  of  the  serum  has 
also  had  an  effect  on  the  severity  of  the  symptoms,  if,  in  spite 
of  the  preventive  dose,  the  disease  should  subsequently  develop. 
For  example,  of  the  34  cases  mentioned  above,  which  did  not 
have  a  preventive  dose  within  twenty-four  hours,  32  died,  a 
case-mortality  of  94-1  per  cent.  ;  whereas,  of  the  36  cases  which 
occurred  among  the  enormously  larger  class  of  wounded  who 
had  received  a  preventive  dose,  28  died,  a  case-mortality  of 
77'7  per  cent. 

The  preventive  dose  of  500  units  should  be  given  subcuta- 
neously  at  a  distance  from  the  wound  at  the  earliest  possible 
moment,  and  the  fact  of  inoculation,  as  well  as  the  size  of  the 
dose,  should  invariably  be  recorded  on  the  "  tally."  In  severe 
wounds  medical  officers  not  infrequently  give  1500  units  ;  there 
is  no  objection  to  this,  but,  at  the  same  time,  there  is  no  evidence 
that  the  smaller  dose  is  insufficient,  if  given  promptly. 

It  should  be  remembered  that  injuries  other  than  those  caused 
by  bullets  or  shells  may  also  become  infected  ;  several  fatal  cases 
have  followed  trivial  injuries,  for  which  the  soldier  did  not  report 
sick  at  the  time,  and  others  have  followed  on  the  gangrene  due 
to  frost-bite.  It  would  be  wise  to  give  a  preventive  dose  in  all 
instances  in  which  the  danger  of  infection  of  a  wound  with 
contaminated  soil  may  be  presumed  to  exist. 

Several  different  preparations  of  tetanus  antitoxin  are  in  use. 
These  have  all  been  recently  tested,  and  in  each  case  they  were 
found  to  contain  at  least  the  number  of  units  claimed. 

(The  question  of  anaphylaxis  is  dealt  with  below.) 

Influence  of  the  Duration  of  the  Incubation  Period  on  the  Severity 
of  the  Attack.  The  general  experience  has  been,  as  was  to  be 
expected,  that  the  shorter  the  interval  between  the  receipt  of 
the  wound  and  the  appearance  of  the  symptoms,  the  smaller  the 
chance  of  recovery.  At  the  same  time,  cases  have  recovered  in 
which  the  symptoms  appeared  six  days  after  the  wound,  and 
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cases  have  proved  fatal  where  nineteen  days  had  elapsed.  The 
average  incubation  period  of  43  fatal  cases  was  8-83  days,  and 
that  of  26  cases  which  recovered  was  11-57  days. 

Treatment  when  the  Disease  is  established.  A  careful 
study  has  been  made  of  179  cases  in  which  certain  particulars 
which  had  been  called  for  were  furnished.  Of  these  179  cases 
140  have  died,  a  case-mortality  of  78'2  per  cent.  Although  this 
figure  is  disappointingly  high,  it  must  not  be  forgotten  that  the 
majority  of  these  cases  were  also  suffering  from  severe  forms  of 
sepsis  and,  in  a  considerable  number  of  them,  the  reporting 
officer  stated  that  the  tetanic  symptoms  had  completely  subsided 
under  treatment,  the  patient  dying  from  septicaemia,  gangrene, 
secondary  haemorrhage,  or  other  causes. 

Treatment.  Tetanus  Antitoxin.  This  is  the  only  treatment 
as  to  the  employment  of  which  there  has  been  anything  like 
general  agreement.  It  has  been  used  in  one  form  or  another 
in  almost  every  case,  and  when  cure  has  resulted  it  has  commonly 
been  given  the  credit.  Whatever  method  be  employed  it  is 
clear  that  three  general  principles  must  be  observed  to  obtain 
the  best  results.  It  must  be  employed  at  the  earliest  moment 
possible  ;  a  dose  of  1000-1500  units  given  at  a  time  when  there 
is  little  more  than  a  fear  that  tetanus  may  develop,  may  influence 
the  course  of  the  disease  favourably.  It  must  be  given  in 
large  doses,  and  these  should  be  frequently  repeated  until  the 
symptoms  show  definite  signs  of  amelioration.  It  must  be  kept 
up,  although  in  smaller  and  less  frequent  doses,  well  into  con- 
valescence, in  order  to  obviate  the  temdency  to  relapse. 

The  most  favourable  results  appear  to  have  been  obtained  by 
the  employment,  in  the  first  instance,  of  the  intra-thecal  com- 
)ined  with  the  intravenous  methods,  the  subcutaneous  method 

iing  used  to  reinforce  the  others  in  the  succeeding  days,  or  to 

splace  them  as  the  symptoms  diminish  in  intensity. 
Dosage.     An  initial  intrathecal  dose  of  3000  units  followed 
the  intravenous  injection  of  doses  ranging  between  5000  and 

),000  units,  according  to  the  severity  of  the  symptoms,  has 
m  reported  in  many  instances  to  have  had  a  favourable  effect, 
severe  cases,  the  intrathecal  dose  of  3000  units  may  be 

ipeated  the  next  day.     The  subsequent  indications  as  to  dosage 

spend  upon  the  progress  of  the  case  ;  if  this  is  favourable  the 
ibove  methods  may  be  supplemented  or  replaced  by  the  sub- 

itaneous  one,  doses  of  from  5000  to  10,000  units  being  given 

rery  day  or  every  second  day. 


CHAPTER  IV 

THE  TREATMENT  OF  WOUNDS  BY  SALINE 
SOLUTIONS 

SINCE  the  outset  of  this  war  it  has  become  in- 
creasingly obvious  to  those  dealing  with  wound 
infections,  that  any  line  of  treatment  adopted  must 
be  prefaced  by  an  inquiry  into  the  infective  con- 
ditions existing  in  the  wound  at  any  period  of  its 
history,  and  their  differences  from  those  met  with 
in  civil  practice. 

The  outstanding  features  are  the  heavy  implanta- 
tion of  the  microbes,  their  multiple  character,  and 
depth  to  which  they  are  carried  in  the  tissiies  in 
many  of  the  wounds.  It  is  convenient  in  dealing 
with  treatment  by  saline  solutions  to  make  brief 
mention  here  of  the  more  common  organisms 
found. 

They  are  derived  for  the  most  part  from  faecal 
sources  and  from  the  soil,  and  occur  in  two  main 
groups — the  anaerobic,  the  most  important  of  which 
are  the  tetanus  bacillus,  and  the  bacillus  aerogenes 
capsulatus  of  Welch';  and  the  aerobic,  including 
streptococci,  staphylococci,  and  certain  conform 
organisms. 

Efficient  treatment  of  the  anaerobic  infection 
depends  mainly  on  the  early  and  free  opening  up  of 
the  wound,  and  the  provision  of  adequate  drainage 
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by  the  surgeon,  with,  in  addition,  the  immediate 
prophylactic  injection  of  antitetanic  serum. 

It  is  with  the  aerobic  group  that  the  present 
method  of  treatment  is  chiefly  concerned,  and  of 
these  organisms  the  streptococcus  and  certain 
strains  of  staphylococcus  grow  well  in  unaltered 
human  serum,  and  hence  have  been  grouped 
together  as  "  sero-phytes  "  by  Sir  A.  E.  Wright ;  the 
remainder  fail  to  flourish  unless  the  blood-fluids  have 
previously  undergone  degenerative  change  such  as 
occurs  in  the  wound  discharges  ;  these  are  termed 
"  sero-saprophytes." 

At  the  time  of  infliction  of  the  wound  there  will  be 
a  varying  amount  of  damage  to  soft  parts,  resulting 
in  extravasation  of  blood  and  lymph  ;  clotting  takes 
place,  and  in  the  culture-medium  thus  provided  as 
well  as  in  the  adjacent  tissues,  the  microbes  multiply 
and  grow  out ;  in  an  untreated  wound  in  from  twelve 
to  twenty-four  hours  a  condition  of  infiltration  with 
some  degree  of  locking  up  of  discharges  is  established. 

After  the  usual  surgical  procedures  for  checking 
of  haemorrhage,  and  for  provision  of  free  drainage 
at  the  earliest  possible  moment  have  been  carried 
out,  the  question  of  an  efficient  local  application  to 
the  wound  arises.  Any  agent  employed  must,  in 
order  to  be  effective,  be  capable  of  bringing  about 
the  following  physiological  processes  : 

(i)  Lavage  of  the  infecting  microbes, 
(ii)  Increase  of  the  outflow  of  lymph, 
(iii)  Prevention  of  coagulation  of  discharge, 
(iv)  Repression  of  bacterial  growth. 

These  desiderata  can  be  attained  by  the  use  in  the 
early  stages  of  the  wound's  history  of  a  hypertonic 
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solution  of  common  salt,  and  by  the  progressive 
dilution  of  this  in  later  stages.  The  method  was 
put  forward  in  this  war  by  Sir  A.  E.  Wright,  and 
developed  by  him  in  the  course  of  work  in  the  Re- 
search Laboratory  at  No.  13  General  Hospital, 
Boulogne,  and  has  come  to  be  recognized  as  a  satis- 
factory line  of  treatment,  and  as  one  which  has  at 
any  rate  a  basis  of  physiology  as  reason  for  its  em- 
ployment. 

I.  Theory  of  the  Method.  The  saline  solution  is 
applied  in  practice  either  by  means  of  gauze-soaks 
with  frequent  renewal,  or  as  an  irrigation  ;  the 
latter  method  provides  better  facilities  for  the 
carrying  of  microbes  out  of  the  wounds,  and  enables 
the  concentration  of  the  active  agent,  the  salt,  to  be 
kept  at  a  more  constant  level. 

This  last  is  a  point  of  some  importance-,  since  the 
physiological  action  changes  entirely  according  to 
the  amount  of  salt,  dissolved  and  acting  on  the 
tissues  ;  a  short  account  of  the  relative  effects  of  a 
hypertonic  solution,  and  of  one  isotonic  with  the 
body-fluids  will  make  this  clear. 

A.  Hypertonic  Salt  Solution  (e.g.  5  per  cent.). 
Firstly,  the  higher  the  concentration  of  the  salt,  the 
greater  will  be  its  power  of  attracting  water  from 
its  surroundings — provided  that,  as  in  the  case  under 
consideration  of  wounds,  there  is  no  question  of  a 
limiting  membrane  to  be  considered.  In  addition, 
besides  fluid,  albuminous  substances  in  propinquity 
will  also  be  carried  out  into  the  saline  solution,  while 
coincidently  there  will  take  place  a  smaUer  trans- 
ference of  salt  molecules  in  the  opposite  direction 
into  the  tissues.  These  points  have  been  illustrated 
experimentally  by  taking  two  similar  test-tubes  of 
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2  per  cent,  watery  solidified  agar,  using  one  as  a 
control  and  placing  a  portion  of  solid  sodium  chloride 
on  the  top  of  the  agar  in  the  second  :  in  the  course  of 
a  few  hours,  water  will  have  accumulated  around  the 
salt,  whilst  in  the  control-tube  the  agar  surface 
remains  dry. 

It  is  easily  shown  that  albuminous  matter  is  trans- 
ferred in  addition  by  placing  saline  solutions  above 
serum  mixed  with  watery  agar.  Saturated,  5  per 
cent.,  and  '85  per  cent,  solutions  are  used  in  three 
separate  tubes.  If,  then,  after  several  hours  equal 
volumes  of  the  fluids  are  taken  out,  the  albumen  in 
them  can  be  precipitated  by  boiling,  heavier  deposits 
occurring  in  the  two  stronger  solutions,  as  compared 
with  the  normal  saline. 

The  passage  of  salt  in  the  reverse  direction  is 
shown  on  mixing  a  weak  solution  of  silver  nitrate 
with  the  agar  in  the  first  experiment  ;  a  descending 
white  cloud  is  formed  as  the  salt  molecules  penetrate 
into  the  agar,  and  react  with  the  silver  nitrate. 

Further,  if  two  small  glass  cups  (Fig.  10)  be 
put  upon  the  surface  of  a  wound,  and  equal  volumes 
of  5  per  cent,  and  -85  per  cent,  salt  solution  be 
placed  in  each,  it  is  found  that  in  the  course  of 
two  or  three  hours  the  volume  of  fluid  in  the  former 
has  increased  threefold,  whilst  the  volume  of  normal 
saline  is  relatively  unchanged. 

That  salt  solutions  applied  to  wounds  have  this 
power  of  "  drawing  "  has  been  known  for  many  years, 
and  Wright's  original  lymphagogic  solution  consisted 
of  a  5  per  cent,  solution  of  common  salt,  mixed  with 
-|  per  cent,  solution  of  sodium  citrate  ;  the  latter 
was  added  to  decalcify  the  outflowing  lymph  and  to 
render  it  incoagulable.  A  strong  solution  of  sodium 
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chloride  alone  (e.g.  3-4  per  cent.)  prevents  the 
lymph  from  clotting  to  a  sufficient  degree  for  prac- 
tical purposes,  so  that  the  sodium  citrate  has  been 
discarded  in  this  war. 

Lastly,  with  regard  to  the  repression  of  bacterial 
growth,  it  was  mentioned  above  that  a  large  pro- 
portion of  the  organisms  met  with  fail  to  multiply 


FIG.  10.     Lymph  cup  applied  to  wound. 

in  the  presence  of  normal  lymph  or  serum,  so  that 
their  increase  in  the  pus  is  checked  and  undoubtedly 
lessened  by  stimulating  an  outflow  of  healthy  lymph 
from  the  surrounding  tissues  by  the  means  just 
described. 

To  sum  up,  the  use  of  hypertonic  salt  solution 
in  the  treatment  of  wounds  promotes  the  resolution 
of  inflammatory  induration,  aids  in  separation  of 
dead  tissue  by  solution  of  coagulated  lymph,  and 
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produces  a  powerful  outgoing  stream  of  healthy 
lymph,  which  carries  microbes  and  debris  out  of  the 
wound,  and  retards  the  growth  of  bacteria  within 
it. 

B.  Normal  Saline  Solution  (-85  per  cent.).  Iso- 
tonic  with  the  blood,  it  produces  the  minimum  of 
change  upon  the  fluid  element,  but  if  its  effect  upon 
the  white  cells  of  the  blood  is  tested,  and  compared 
with  that  of  hypertonic  solution,  there  is  a  wide 
difference  found. 

Emigration  of  the  leucocytes  from  the  blood-clot 
or  from  tissues  is  distinctly  encouraged  by  normal 
normal  saline,  but  is  repressed  and  inhibited  by 
contact  with  5  per  cent,  salt  solution. 

If  a  wound  is  doing  well,  there  is  after  about  the 
first  week  a  tendency  for  the  numbers  of  the  sero- 
saprophytic  organisms  to  diminish,  while  the 
streptococci  and  staphylococci  persist ;  the  presence 
of  healthy  lymph  induced  by  application  of  hyper- 
tonic  salt  does  not  aid  in  dealing  with  the  strepto- 
coccus, whereas  it  seems  probable  as  the  result  of 
recent  experiments  that  the  most  effective  defence 
the  body  possesses  against  this  microbe  is  the  white 
blood-corpuscle.  Hence,  it  is  usual  as  the  wound 
takes  on  a  cleaner  appearance  and  the  sloughs 
separate,  with  formation  of  bright-red  healthy 
granulations,  to  reduce  the  strength  of  the  salt 
solution  used  for  irrigation  until  normal  saline  is 
being  used  ;  the  wound-surface  then  appears  as  if 
covered  with  a  greyish  film.  This  is  in  effect  the 
protective  layer  of  leucocytes  called  forth,  which 
acts  as  a  barrier  against  further  invasion  until  such 
time  as  healing  shall  have  been  completed  by  the 
ingrowth  of  epithelium. 
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In  regard  to  the  direct  bactericidal  and  inhibitory 
effects  of  saline  solutions  upon  the  bacterial  flora 
found  in  the  wounds,  the  results  of  experiments 
carried  out  in  the  presence  of  the  blood  fluids  may  be 
summarised  as  follows  : 

(i)  Saturated  solutions  of  sodium  chloride  will 
kill. 

(ii)  Solutions  of  concentrations  from  5  per  cent, 
to  2  per  cent,  inhibit  growth. 

(iii)  Normal  saline  (*85  per  cent.),  although 
bactericidal  for  certain  other  groups  of  organisms, 
has  upon  those  found  in  the  wounds  no  direct 
killing  or  inhibitory  action  ;  but,  since  its  appli- 
cation to  a  wound  stimulates  emigration,  repression 
of  bacterial  growth  is  brought  about  by  the  phago- 
cytic  action  of  the  leucocytes. 

II.  Practice  of  the  Method.  It  is  quite  clear  that 
no  hard  and  fast  lines  can  be  laid  down  for  the 
treatment  of  wounds  in  general  by  saline  solutions  ; 
the  strength  of  salt  used  and  the  period  of  applying 
it  must  be  determined  by  considering  each  case 
individually.  In  all  the  more  severe  wounds,  irri- 
gations are  to  be  recommended  in  preference  to 
any  other  mode  of  application  ;  they  should  be 
given  at  body  temperature,  and  should  extend  over 
a  considerable  period  of  hours.  If  given  continu- 
ously the  patient's  sleep  may  be  interfered  with,  so 
it  is  well  for  the  irrigations  to  be  intermittent,  and 
for  the  flow  to  be  maintained  for  two  to  three  hours 
several  times  during  the  twenty-four. 

Broadly  speaking,  in  cases  which  come  under  treat- 
ment at  the  base  twenty-four  to  forty-eight  hours 
after  being  wounded,  one  commences  with  a  10  per 
cent,  solution  (sodium  chloride  in  sterile  or  at  any 
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rate  boiled  water)  ;  as  the  wound  progresses  and  the 
sloughs  separate,  this  is  'reduced  in  strength  to  5 
per  cent.,  and  later  to  2 '5  per  cent. 


FIG.  11.  Irrigation  flanges.  Method  of  application. 
To  9  parts  of  gelatin  add  1  part  of  formalin,  and  shake : 
the  mixture  will  set  in  about  ten  minutes,  becoming  then 
quite  impervious  to  moisture.  The  bandage -strips  are 
placed  in  the  formalized  gelatin,  and  used  therefrom.  A  roll 
of  cotton-wool  is  placed  around  the  limb  as  required,  and  the 
strips  then  applied  over  it,  moulded  over  the  wool  and  on 
either  side  of  it  down  on  to  the  limb.  It  is  advisable  first 
to  shave  the  patient's  skin — and  for  the  operator  to  wear 
gloves.  Usually  one  flange  is  applied  above  and  one  below 
the  area  it  is  desired  to  irrigate,  as  shown.  Or,  if  desired, 
the  material  may  be  applied  in  different  form,  according  to 
the  site  of  wound  it  is  desired  to  irrigate,  e.g.  in  a  wound  over 
the  deltoid  region,  as  shown  ( U  -shaped). 

Materials  :  (i)  Ordinary  3-in.  bandage  cut  in  strips  4  in. 
to  6  in.  long  ;    (ii)  Cotton- wool ;    (iii)  20  per  cent,  gelatin 
(melted  by  heat);  (iv)  Formalin  (=  40  per  cent,  formal- 
dehyde). 

When  the  surface  of   the  wound  appears  clean, 
and  shows  healthy  red  granulations,  the   time  has 
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come  to  reduce  the  concentration  still  further  to 
normal  saline  strength.  This  period  occurs  in  the 
majority  of  cases  in  from  a  week  to  ten  days  after 
the  patient  was  wounded  ;  irrigations  can  usually 
be  stopped  and  gauze  soaks  substituted  at  about 
the  same  time. 

Pain  is  sometimes  noticed  with  the  10  per  cent,  and 
5  per  cent,  solutions  when  first  applied,  but  soon 
passes  off  ;  in  the  period  immediately  after  separa- 
tion of  the  sloughs  pain  serves  for  a  reminder  that 
the  strength  of  the  salt  should  be  progressively 
reduced. 

With  these  higher  strengths,  too,  a  slight  redness 
of  the  skin  edges  may  occur  unless  vaseline  be 
smeared  along  the  margins  of  the  wound. 

A  simple  method  of  irrigation  has  been  devised 
by  Sir  Almroth  Wright,  having  for  its  basis  the  prin- 
ciple of  conducting  the  fluid  through  the  wound 
along  strips  of  ordinary  surgical  bandage  about 
three  inches  in  width. 

If  there  is  a  small  wound  of  entry  the  fluid  is 
led  in  through  a  rubber  tube,  and  conducted  out 
along  bandage  strips  caught  up  loop-wise  into  the 
wound  by  a  single  strip,  so  that  there  are  many  tails 
leading  out  from  the  wound,  and  descending  thence 
from  the  patient's  bed  to  the  floor,  where  their  ends 
dip  below  water  in  a  receptacle  (e.g.  a  pail),  ar- 
ranged to  collect  the  outflow  from  the  wound.  The 
bandage  material  can  be  placed  in  close  apposition 
with  the  surfaces  of  the  wound,  thus  ensuring  more 
complete  distribution  of  the  irrigating  fluid  as  it 
leaks  from  the  meshes  of  the  bandage  ;  further,  the 
saline  content  is  kept  more  constant,  because  the 
multiple  routes  of  exit  along  the  strips  of  bandage 
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prevent  any  accumulation  of  stagnant  fluid  inside 
the  wound. 

Whenever  possible,  as  in  the  case  of  any  wound 


GELATIN 
BANDAGE 


FIG.  12.     Irrigation  flanges. 

with  a  large  entry  and  a  small  aperture  of  exit  at 
its  lowest  part,  the  bandages  are  disposed  so  that 
they  lead  out  jover  the  upper  edge  of  the  wound  and 
then  pass  down  to  the  vessel  on  the  floor,  so  forming 
a  syphon  system  ;  this  is  found  to  function  better 
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than  the  direct  downwards  drain,  since  it  is 
readily  blocked  by  purulent  deposit. 


Tube  from  irrigator 


Drawn  test-tube  gauze 
packing 


Rubber  test-tube  cap 


Small  drainage  tubing 


FIG.  13.  The  irrigation  sprinkler  or  rose  irrigator.  A 
divided  stream  may  be  led  into  the  wound  by  the  small 
tubes  from  which,  owing  to  the  divided  plugging  in  the 
main  tube,  the  fluid  emerges  in  drops.  It  is  also  possible 
to  convey  the  stream  to  the  various  loculi  of  a  lacerated 
wound,  the  tubes  retaining  their  positions  by  virtue  of  the 
flexible  thin  copper  wires  inserted  in  their  lumens. 

* 

If  there  is  much  laceration  or  a  large  surface  to 
be  dealt  with,  it  is  necessary  to  divide  the  entering 
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current  into  several  streams  ;  this  can  be  done  con- 
veniently by  means  of  a  piece  of  apparatus  called  a 
rose-irrigator,  devised  for  the  purpose.  It  is  de- 
scribed elsewhere  and  embodies  the  same  principle 
as  multiple  bandage  leads. 


CHAPTER  V 
THE  REMOVAL  OF  FOREIGN  BODIES 

SPEAKING  generally,  foreign  bodies  associated  with 
a  septic  wound  require  early  removal.  Suppuration 
is  taking  place  at  the  site  of  the  foreign  body  and 
drainage  of  the  sepsis  area  is  urgently  required. 
Foreign  bodies  which  are  present  under  non-sup- 
purating conditions  may,  as  a  rule,  be  left  for  removal 
at  a  later  date. 

The  Removal  of  Foreign  Bodies  under  Septic 
Conditions 

(1)  Exploration  through  the  Wound  of  Entrance. 
The  missile  is  localized  by  one  of  the  various  skia- 
graphic  methods.  A  general  anaesthetic  is  adminis- 
tered and  the  wound  area  prepared  in  the  usual 
manner.  A  steel  instrument — either  a  scoop,  bullet 
forceps  or  probe — may  be  introduced  into  the 
original  wound  of  entrance.  The  missile  may  be 
felt  at  once  or  a  long  track  may  be  discovered.  The 
entrance  wound  is  then  enlarged  with  scissors  and 
the  track  explored  with  the  finger.  If  the  track  is 
long  and  the  missile  cannot  be  reached,  an  attempt 
to  grasp  it  blindly  by  long  bullet  forceps  should 
not  be  made.  A  directing  instrument  should  be 
introduced  for  a  distance  down  the  track  and,  by 
making  pressure  against  the  skin  from  within  with 
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its  point  a  site  for  a  suitable  incision  can  be 
determined. 

The  finger  introduced  through  the  new  incision 
should  be  able  to  detect  the  missile.  Missiles  which 
are  found  by  X-rays  to  be  lying  fairly  superficially 
should  be  carefully  felt  for  through  the  skin,  before 
making  an  incision. 

The  easiest  way  in  which  to  remove  a  bullet  or 
other  missile  is  to  feel  for  the  bullet  with  the  left 
forefinger  and  pass  a  gall-stone  scoop  or  Volkman 
spoon  down  to  the  bullet,  the  forefinger  then  presses 
the  foreign  body  to  the  scoop  and  holds  it  to  it  whilst 
the  scoop  is  withdrawn. 

Exploration  through  a  New  Incision.  This  method 
is  indicated  when  the  X-ray  plate  shows  the  missile 
to  be  at  a  distance  and  inaccessible  from  the  entrance 
wound. 

The  incision  is  planned  with  the  object  of  reach- 
ing the  missile  by  the  shortest  route,  having  regard 
to  the  position  of  important  structures.  It  is  often 
advisable  to  cut  through  the  deeper  tissues  with 
scissors  instead  of  a  scalpel  in  order  to  diminish 
haemorrhage.  The  finger,  or  steel  instrument,  will  be 
found  to  be  the  best  means  of  exploring.  The 
missile  is  usually  easily  found  unless  it  lies  in  the 
thickness  of  a  muscle.  Electric  probes  or  similar 
apparatus  will  not  detect  a  missile  in  difficult  cases. 

The  only  method  of  value  when  the  missile  is 
really  difficult  to  find  is  the  employment  of  bare 
hands.  In  these  cases  the  gloves  should  be  re- 
moved, the  hands  re-sterilized  and  the  structure 
within  reach  of  the  wound  explored  systematically 
commencing  with  the  superficial  tissues.  In  some 
cases,  for  instance,  a  bullet  beneath  the  scapula,  it 
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is  advisable  to  make  a  second  incision  in  order  to  feel 
for  the  missile  bimanually.  In  this  manner  a  bullet 
can  usually  be  detected  in  the  thickness  of  a  muscle. 

The  removal  of  foreign  bodies  from  the  neighbour- 
hood of  important  blood-vessels  requires  great 
care.  The  exposed  vessel  should  be  carefully 
examined  and,  if  deeply  lacerated  and  sepsis  is 
present,  may  require  ligature.  Some  surgeons  re- 
commend that  vessels  which  are  exposed  but  un- 
injured should,  if  possible,  be  covered  with  tissue 
and  the  tissue  retained  in  position  by  a  catgut 
suture.  There  are  objections  to  this  teaching,  the 
dangers  of  infection  spreading  sepsis  and  gas 
gangrene  are  far  too  great  to  permit  of  suture  in 
septic  cases  and  in  aseptic  cases  it  is  unnecessary. 

When  the  missile  has  been  removed  and  the 
wound  searched  for  fragments  of  cloth  or  other 
foreign  material,  the  necrosed  and  bruised  septic 
tissue  is  cut  away  with  scissors,  the  wound  excised 
and  the  cavity  filled  with  salt  tablets  and  gauze, 
a  drainage-tube  passing  down  the  middle  of  the 
wound.  If  counter  incisions  have  been  made, 
these  are  also  drained. 

The  removal  of  the  missile  is  not  the  end  of  the 
treatment,  the  septic  cavity  often  harbours  the 
most  virulent  anaerobic  organisms  and  its  treatment 
is  difficult  and  important.  Two  fatal  complications 
are  apt  to  occur ;  secondary  haemorrhage  and 
anaerobic  infection.  If  the  missile  has  rested  against 
a  large  vessel,  secondary  haemorrhage  is  liable  to 
occur.  The  prevention  of  this  complication  can 
usually  be  effected  by  packing  the  wound  with 
gauze  soaked  with  5  per  cent,  saline  solution  and 
leaving  this  dressing  in  the  cavity  for  several  days. 
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If  the  vessel  is  already  ulcerated,  it  should  be  liga- 
tured above  and  below  the  lesion. 

In  some  cases,  although  no  injury  can  be  detected 
when  the  missile  is  removed,  secondary  haemorrhage 
occurs  at  a  later  period.  When  frequent  dressings 
have  been  employed  and  the  wound  has  become 
apparently  clean,  secondary  haemorrhage  may  take 
place. 

It  is  practically  impossible  to  re-introduce  gauze 
or  drainage  material  into  deep  cavities  without  an 
anaesthetic.  A  shrapnel  bullet  may  have  been  re- 
moved from  a  small  abscess  cavity  in  close  proximity 
to  the  femoral  or  common  carotid  artery,  and  the 
dressing  of  the  wound  may  have  been  carried  out 
with  the  greatest  care,  but  it  is  unlikely  that  the 
original  pus  cavity  will  have  been  reached  except 
under  an  anaesthetic.  It  appears  safer  to  dress  such 
wounds  with  gauze  soaked  in  hypertonic  salt  solution 
of  high  concentration  and  leave  the  dressing  alone 
for  about  a  week  when  the  hypertonic  dressing  can 
be  repeated  under  an  anaesthetic  if  ngcessary. 

Packing  the  wound  with  salt  tablets  and  gauze 
has  certain  disadvantages.  If  the  tablets  come  in 
contact  with  the  tissues,  owing  to  imperfect  covering 
with  the  gauze,  sloughing  often  occurs.  Secondary 
haemorrhage  may  occur  owing  to  the  pressure  of 
tablets  on  a  vessel.  Great  care  must  be  taken 
that  the  tablets  are  well  wrapped  in  the  gauze. 
The  salt  sac,  described  under  "  The  Treatment  of 
Wounds,"  obviates  these  disadvantages. 
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The  Removal  of  Foreign  Bodies  under  Aseptic 
Conditions 

There  is  no  bullet  track  to  aid  the  surgeon  in 
this  case,  and  the  surgeon  is  dependent  upon 
the  localization  of  the  missile  by  X-rays.  In 
addition  to  one  of  the  localization  methods,  it  is 
advisable  to  have  a  stereoscopic  photograph  taken 
in  order  that  the  position  of  the  foreign  body  may 
be  compared  with  a  known  anatomical  structure. 
Under  septic  conditions  the  missile  is  lying  in  a 
pus  cavity  of  a  size  depending  upon  the  time  which 
has  elapsed  since  the  injury,  and  its  removal  is 
comparatively  simple.  In  aseptic  cases  there  is  no 
such  aid  and  the  finding  of  the  missile  may  be  most 
difficult. 

If  the  foreign  body  is  situated  below  the  middle 
of  the  arm  or  thigh  it  is  an  advantage  to  render  the 
limb  bloodless  by  elevation  and  bandaging  and 
apply  a  tourniquet  to  the  limb.  The  usual  proce- 
dure is  to  make  an  incision  through  the  skin  and 
down  to  the  deep  fascia,  deal  with  any  haemorrhage 
which  occurs  before  opening  the  deep  fascia,  and  with 
the  gloved  finger  gently  explore  the  intervals  between 
the  muscles.  By  feeling  the  thickness  of  the  muscles 
between  the  fingers,  the  missile  can  usually  be  de- 
tected. If  the  surgeon  fails  to  detect  the  foreign 
body  by  the  use  of  bare  hands,  the  patient  must  be 
transferred  to  the  X-ray  table  and  the  missile  sought 
for  with  the  aid  of  a  screen.  A  towel  is  placed  over 
the  wound  and  the  screen  placed  over  the  towel  ; 
by  passing  a  metal  instrument  into  the  wound,  the 
relationship  of  the  missile  to  the  instrument  can  be 
detected. 
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The  usual  reason  for  undertaking  an  operation  for 
the  removal  of  a  foreign  body  is  in  order  to  deal  with 
sepsis,  and  as  a  general  rule  the  presence  of  a  septic 
wound  makes  the  removal  of  the  foreign  body  im- 
perative. The  earlier  the  foreign  body  is  removed 
the  better  for  the  patient,  but  it  is  perhaps  worth 
remarking  that  the  longer  the  foreign  body  remains, 
the  larger  will  be  the  abscess  cavity  it  lies  in  and 
the  easier  its  removal.  Apart  from  sepsis,  pain 
is  probably  the  commonest  reason  for  extracting 
a  bullet.  Close  proximity  to  important  structures 
is  sufficient  reason  for  the  removal  of  a  missile 
under  any  circumstances.  Bullets,  rifle  and  shrap- 
nel, are  sometimes  so  firmly  imbedded  in  bone  that 
their  removal  could  only  be  effected  by  extensive 
operation  upon  the  bone.  Such  missiles  should,  as  a 
general  rule,  be  left  alone,  the  surgeon  merely  drain- 
ing down  to  the  site  of  the  missile.  Suppuration 
and  destruction  of  bone  will  loosen  the  bullet  if  it  is 
septic,  if  it  is  not,  it  will  do  no  harm.  It  may  be 
contended  that  virulent  sepsis  may  be  set  up  by 
the  presence  of  the  bullet ;  in  such  a  case  the 
operation  necessary  to  remove  the  bullet  would 
leave  such  an  area  of  freshly  damaged  bone  liable 
to  infection  that  the  treatment  would  be  worse 
than  the  disease. 

Foreign  bodies  in  the  lung  should  not  be  removed. 
Foreign  bodies  in  the  pleura,  if  accompanied  by 
empyema,  should  be  removed.  Foreign  bodies  in 
the  posterior  mediastinum  should,  as  a  rule,  be 
removed  on  account  of  the  proximity  to  important 
structures.  Foreign  bodies  in  the  abdominal  cavity 
should  not  be  sought  for  until  they  are  walled  off  by 
adhesions  ;  there  is  danger  of  an  abscess  forming  and 
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bursting  into  the  general  peritoneal  cavity  or  erosion 
into  the  bowel  or  blood-vessels  if  they  are  left  too 
long.  The  difference  between  the  need  for  removal 
of  rifle  bullets,  shrapnel,  and  shell  fragments,  has 
not  been  touched  upon  in  this  chapter.  In  the 
opinion  of  most  surgeons  shrapnel  and  shell  missiles 
require  removal  upon  all  occasions,  but  some  sur- 
geons would  place  rifle  bullets  in  a  different  class, 
believing  them  to  be  less  likely  to  produce  sepsis 
and  more  likely  to  become  encysted.  There  does 
not  appear  to  be  sufficient  evidence  of  the  aseptic 
character  of  bullets  to  warrant  this  specialized 
treatment  except  in  special  cases. 

Some  superficially  placed  missiles,  for  example,  in 
the  scalp  can  be  removed  together  with  the  entrance 
wound.  An  incision  is  made  around  the  wound 
tract  and  missile  and  the  whole  removed  en  masse. 
The  wound  is  then  sutured. 

Missiles  which  are  easily  reached  and  are  suffi- 
ciently distant  from  important  structures  may  be 
removed  in  the  following  manner  : 

The  track  is  packed  with  gauze  soaked  with  iodine. 
The  wound  and  track  are  then  excised  together,  the 
gauze  packing  forming  a  guide  as  to  how  much  tissue 
shall  be  excised.  It  is  sometimes  possible  to  excise 
missile  and  wound  en  masse  by  this[method,  in  which 
case  the  wound  may  be  sutured. 

Private  C was  wounded  September  25  and  admitted  to  a 

base  hospital  on  September  27.  There  was  a  wound  about  half 
an  inch  in  diameter  over  the  supinator  longus  muscle,  two  inches 
below  the  bend  of  the  elbow.  The  arm  was  painful  and  cedema- 
tous  ;  the  patient's  temperature  was  99°  F.  The  skiagram 
showed  a  foreign  body  in  front  of  the  humerus,  about  two  inches 
above  the  elbow  joint.  Under  ether  the  wound  was  enlarged 
sufficiently  to  admit  a  finger ;  a  gloved  finger  was  introduced, 


PLATE  5.     SHRAPNEL  BULLET  IN  ROOT  OF  NECK.     Fracture  of  the 
transverse  process  of  the  first  dorsal  vertebra 
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and  the  finger  entered  an  abscess  cavity  which  extended  upwards 
for  four  inches  beneath  the  biceps  muscle.  A  counter- opening 
was  made  two  inches  above  the  bend  of  the  elbow  on  the  outer 
margin  of  the  biceps.  The  wound  could  then  be  explored  by 
two  fingers,  one  passed  through  the  original  wound,  and  the 
other  through  the  counter-opening.  The  brachialis  anticus  and 
the  front  of  the  humerus  were  carefully  palpated,  and  by  passing 
a  finger  upwards  from  the  original  opening  the  biceps  was 
explored,  but  the  foreign  body  could  not  be  discovered.  The 
surgeon's  gloves  were  removed  and  the  hands  were  again  steril- 
ized. Upon  again  searching  the  wound  the  foreign  body  was 
easily  detected  in  the  substance  of  the  biceps,  near  its  deep 
surface.  The  fragment,  a  bullet  casing,  was  removed  with  a 
finger  and  a  scoop.  The  wound  was  packed  with  sterile  gauze, 
in  which  several  saline  tablets  were  enclosed,  and  drained  by 
passing  two  strips  of  open  woven  banda,ge  through  the  wound. 

Private  -  -  was  wounded  on  September  30  by  a  shrapnel 
bullet.  The  bullet  entered  the  right  side  of  the  root  of  the 
neck  behind,  at  about  the  margin  of  the  trapezius.  The  wound 
was  mildly  septic,  and  the  bullet  caused  considerable  pain  on 
movement.  The  patient  was  X-rayed,  and  the  bullet  was 
localized  lying  between  the  spine  and  transverse  process  of  the 
first  dorsal  vertebra  ;  the  neck  of  the  first  rib  was  seen  to  be 
fractured.  An  incision  was  made  slightly  to  the  right  of  the 
middle  line  behind,  and  the  spinal  muscles  separated  from  the 
spinous  process.  A  finger  was  introduced  through  the  wound 
of  entrance  and  the  suspected  area  examined  bimanually,  but 
no  foreign  body  could  be  felt.  Gloves  were  removed,  but  the 
search  failed.  The  operation  wound  was  sutured  without  drain- 
age, the  entrance  wound  was  packed  with  salt  tablets  and  gauze. 
The  patient  was  quite  well  on  the  day  following  the  operation  ; 
no  appreciable  rise  of  temperature  took  place.  The  pain  on 
movement  remained,  and  some  discomfort  on  swallowing  was 
complained  of,  otherwise  the  patient's  condition  was  excellent. 
The  patient  was  again  X-rayed  and  the  bullet  localized  at  the 
level  of  the  seventh  cervical  vertebra,  in  front  of  the  body  of 
the  vertebra  and  to  the  right  of  the  oesophagus.  The  bullet 
appeared  to  be  in  close  proximity  to  the  vasculo-nervous  sheath, 
and  there  appeared  to  be  danger  of  its  ulcerating  into  either  the 
oesophagus  or  the  common  carotid  artery  (Plate  6). 

On  October  7  a  second  operation  was  therefore  performed. 
An  incision  was  made  parallel  with  and  immediately  in  front 
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of  the  anterior  border  of  the  sterno  mastoid,  an  inch  above  the 
sternum  upwards  for  three  inches  ;  the  sterno-thyroid  muscle 
was  divided,  all  superficial  haemorrhage  being  dealt  with  and  the 
wound  rendered  perfectly  dry  ;  the  vasculo-nervous  sheath  was 
carefully  separated  and  retracted  outwards.  The  thyroid  gland 
was  very  large  and  was  separated  and  retracted  upwards.  After 
dividing  the  layer  of  deep  fascia  now  exposed,  the  bullet  could 
be  felt  in  the  depth  of  the  wound.  A  small  incision  was  made 
with  scissors  over  the  bullet  which  was  lying  behind  and  to  the 
right  of  the  trachea,  and  the  bullet  grasped  with  Wells  forceps 
and  removed.  A  small  amount  of  pus,  about  half  a  drachm, 
flowed  away  when  the  fascia  over  the  bullet  was  incised,  and  the 
bullet  was  lying  in  a  small  pus  cavity,  little  larger  than  the 
bullet.  This  cavity  was  packed  with  a  layer  of  gauze  containing 
two  salt  tablets.  The  entrance  wound  was  packed  with  gauze 
and  salt  tablets.  The  remainder  of  the  wound  was  closed  by 
two  fishing-gut  sutures.  The  day  following  the  operation  the 
patient's  temperature  rose  to  105°  F.,  but  was  normal  the  next 
day.  The  wound  was  dressed  seven  days  later,  and  redressed 
with  saline  solution. 

REMOVAL  OF  SHRAPNEL  FROM  THE  AXILLA 

INJURY  TO  AXILLARY  VEEST.  The  entrance  wound  was  a 
ragged  one  on  the  posterior  aspect  of  the  left  deltoid  region. 
An  X-ray  photo,  evidently  taken  obliquely,  showed  a  piece  of 
shrapnel  in  the  axilla,  close  up  to  the  surface.  There  was  no 
history  of  great  haemorrhage  at  the  time  of  injury.  There 
was  no  hcematorna  in  the  axilla,  and  practically  no  ecchy- 
mosis. 

At  the  operation  the  wound  was  excised  and  the  track  followed 
digitally.  From  just  as  far  forward  as  could  be  reached  the 
finger  dislodged  a  piece  of  shrapnel.  This  was  immediately 
followed  by  such  a  severe  haemorrhage  that  it  was  clear  a  large 
vessel  was  involved.  The  wound  was  accordingly  plugged  and 
the  axilla  incised,  and  the  site  of  bleeding  reached  by  a  rapid 
blunt  dissection.  The  piece  of  shrapnel,  a  ragged  piece,  three- 
quarters  of  an  inch  by  quarter  of  an  inch,  was  found  lying  two- 
thirds  within  the  lumen  of  the  axillary  vein,  and  smart  haemor- 
rhage was  taking  place  around  it.  The  shrapnel  was  removed 
and  the  vein  cut  across  and  ligatured  at  both  ends.  It  had  been 
well  matted  up  against  the  surrounding  structures. 


PLATE  6      SHELL  WOUND  OF  ANKLE.     Division  of  the  posterior  tibial 
artery  by  fragment  of  shell 
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Result.  No  complications.  No  oedema  or  discomfort  in  arm, 
and  patient  was  sent  to  England  ten  days  later. 

DIVISION  OF  POSTERIOR  TIBIAL  ARTERY  BY  SHRAPNEL.  The 
surface  wound  was  a  trivial  one,  below  and  behind  the  left 
internal  malleolus.  There  was  a  very  considerable  amount  of 
ecchymosis  along  the  inner  side  of  the  foot  and  over  the  lower 
end  of  the  tibia,  where  pitting  was  obtained  on  deep  pressure. 
An  X-ray  photo  showed  a  ragged  piece  of  shrapnel  well  across 
towards  the  outer  side  of  the  heel  (Plate  7). 

Operation.  A  little  scab  was  rubbed  off  the  wound  and  there 
was  immediately  an  extremely  sharp  haemorrhage.  The  wound 
was  opened  up  quickly  and  it  was  found  that  the  posterior  tibial 
artery  had  been  completely  cut  across  by  the  piece  of  shrapnel. 
The  ends  had  retracted  and  from  both  a  sharp  haemorrhage  was 
taking  place.  There  was  thus  no  doubt  as  to  the  perfection  of 
the  collateral  circulation,  and  both  ends  of  the  vessel  were  clasped 
and  ligatured. 

The  case  gave  no  further  trouble.  It  was  remarkable  there 
had  not  been  a  greater  external  haemorrhage  at  the  time  of 
injury  ;  probably  on  account  of  the  vessel  being  completely  cut 
across  and  the  ends  being  able  to  retract.  (Lieutenant  Rankin's 
case.) 


THE  X-RAY  LOCALIZATION  OF  FOREIGN 
BODIES 

In  the  following  section  it  is  proposed  to  deal 
briefly  with  a  few  methods  of  the  localization  of 
foreign  bodies,  all  of  which  methods  have  proved  of 
service  during  the  present  campaign.  As  the 
Mackenzie-Davidson  method  is  one  of  the  oldest 
methods  of  accurate  localization,  it  perhaps  has  the 
claim  to  be  considered  first.  In  the  hands  of  a 
careful  radiographer,  it  is,  although  rather  slow, 
most  accurate.  The  method  is  invaluable  in  head 
and  eye  work,  and  is  of  great  service  in  other  parts 
of  the  body. 

The  apparatus  required  is  very  well  known,  and 
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consists  of  a  couch  with  a  cross-bar  tube  holder, 
which  is  supported  over  a  vellum-covered  changing- 
box  with  a  cross-wire  attachment.  The  remainder 
of  the  apparatus  consists  of  a  cross-thread  localizer, 
having  a  glass  base  with  an  adjustable  mirror  below  ; 
the  base  is  movable,  and  supports  a  vertical  scale, 
with  T-piece  attachment,  which  represents  the  posi- 
tion of  the  Anode  when  the  exposures  are  given. 
The  horizontal  bar  of  this  T-piece  has  grooves  cut  in 
it  in  the  following  positions  :  one  in  the  centre,  and 
two  on  either  side  at  3  cm.  and  6  cm.  respectively. 
These  grooves  hold  two  threads,  which  are  attached 
to  two  metal  mice  with  needles  attached.  These 
threads  represent  the  rays  coming  from  the  Anode, 
to  the  surface  of  the  plate.  On  the  glass  base  stands 
also  a  movable  vertical  millimetre  scale,  with  two 
graduated  pointers  moving  in  axes  at  right  angles 
to  each  other.  This  is  for  measuring  the  position  of 
the  foreign  body. 

In  localizing  by  this  method,  the  first  procedure 
is  to  discover  the  approximate  position  of  the  foreign 
body  by  means  of  the  fluorescent  screen.  The  Anode 
is  then  accurately  centred  in  the  tube-box,  and  the 
box  is  fixed  at  zero  on  the  cross-bar  scale.  In  this 
position  the  Anode  is  correctly  centred  over  the 
point  of  intersection  of  the  cross-wires,  on  the 
surface  of  the  changing-box. 

The  patient  is  now  placed  on  the  couch,  with  the 
foreign  body  as  near  to  the  centre  of  the  cross-wires, 
as  it  is  possible  to  get  him  ;  this  often  gives  rise  to 
considerable  amount  of  trouble,  especially  if  the 
patient  has  much  pain.  A  plate  is  now  passed  into 
the  changing-box,  with  the  film  side  towards  the 
patient,  and  on  the  upper  right-hand  corner  of  the 
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plate  a  small  coin  is  placed  so  that  it  is  always 
possible,  in  the  absence  of  bony  landmarks,  to  recog- 
nize the  position  in  which  the  plates  were  exposed, 
and  consequently  the  quadrant  in  which  the  foreign 
body  lies.  With  the  tube  fixed  at  zero  on  the  cross- 
bar scale,  an  exposure  is  now  given.  The  patient  is 
kept  quite  still  while  the  tube  is  moved  over  3  cm. 
or  6  cm.  from  the  vertical,  and  another  exposure  is 
given.  The  plate  is  now  removed  and  the  position 
of  the  cross-wires  is  marked  on  the  skin  with  silver 
nitrate,  carbol  fuchsin,  or  indelible  pencil. 

It  matters  not  if  the  first  exposure  is  given  with 
the  tube-box  at  zero,  or  whether  it  is  3  cm.  or  6  cm. 
on  either  side,  as  long  as  the  displacement  of  the 
tube  is  remembered  when  dealing  with  the  plates 
later  on.  It  is  perhaps  advisable  to  get  into  one 
method  and  keep  to  it,  and  thus  obviate  mistakes  : 
3  cm.  on  either  side  of  the  vertical  is  a  good  working 
rule,  and  if  separate  plates  be  taken,  instead  of 
superimposed  exposures  on  the  one  plate,  the  plates 
have  a  secondary  value,  as  they  are  stereoscopic.  If 
two  plates  are  used  then  the  shadows  must  be 
marked  on  some  such  thing  as  a  ground  glass  plate, 
or  a  sheet  of  celluloid,  having  cross  lines  at  90°  to 
each  other,  ruled  on  the  surface,  and  the  localization 
is  then  done  from  this.  The  negatives  are  developed 
and  then  quickly  dried  by  immersing  in  a  5  per  cent, 
solution  of  formalin  for  about  five  minutes.  They 
are  ready  for  the  localizer.  Now  the  vertical  scale 
carrying  the  T-piece,  is  adjusted  at  the  same  height 
as  the  Anode  was,  when  the  exposure  was  taken,  and 
the  threads  are  adjusted  in  the  grooves,  correspond- 
ing to  the  position  the  Anode  was  displaced  from 
the  vertical  during  the  two  exposures.  The  mirror 
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beneath  the  glass  base  is  now  adjusted  so  as  to 
project  a  good  beam  of  light  up  through  the  glass 
table,  and  the  negative  is  placed  on  the  glass  table 
so  that  the  cross-wires  on  the  negative  exactly 
coincide  with  those  on  the  table.  One  of  the  threads 
attached  to  the  needles  is  then  placed  so  that  the 
thread  is  exactly  in  the  position  of  some  definite 
part  of  the  shadow,  the  other  thread  is  taken  across 
and  placed  on  the  corresponding  point  of  the  other 
shadow. 

As  the  thread  represents  the  rays  coming  from 
the  Anode,  casting  the  shadow  on  the  negative,  the 
point  at  which  the  threads  cross  must  be  the  point 
where  the  rays  encountered  the  opacity  of  the 
foreign  body,  and  the  distance  between  this  point  and 
the  surface  of  the  negative  represents  the  depth  in 
the  tissues  of  the  foreign  body.  To  obtain  the 
measurements  the  vertical  millimetre  scale  with 
the  sliding  pointers  is  now  placed  on  the  plate  on  the 
line  in  the  quadrant  where  the  foreign  body  lies. 
One  of  the  graduated  pointers  is  passed  to  the  inter- 
section of  the  cross-lines.  The  other  pointer  is  then 
elevated  and  pushed  out  until  it  touches  the  inter- 
section of  the  threads.  This  gives  us  the  measure- 
ments from  the  two  cross-lines,  and  the  vertical 
distance  above  them,  so  that  we  can  now  map  out  the 
position  of  the  foreign  body  on  the  patient's  skin  by 
taking  these  measurements  from  the  cross  previously 
marked  on  his  skin  surface. 

Another  method  of  localization  that  has  proved 
of  great  service  is  the  direct  method  of  localization. 
A  splendid  type  of  this  instrument  is  put  up  by 
Messrs.  Butt  and  Co.  and  is  called  "  the  direct 
reading  localizer."  It  consists,  as  Fig.  14  shows, 


THE  REMOVAL  OF  FOREIGN  BODIES     95 

of  a  shallow  box  that  is  attachable  to  the  wall  of  the 
room.  It  has  two  lids  which  close  down  and  protect 
the  instrument  from  dust  when  not  in  use.  On  the 
base  of  this  box  the  adjustable  scales  are  attached 
as  is  shown  in  the  figure. 


FIG.  14.     Direct  reading  localizer. 

A  is  a  horizontal  scale,  measured  off  in  cm.  from  a  zero, 
or  vertical  in  the  centre,  and  it  represents  the  distance  the 
tube  is  displaced  between  the  two  readings.  B  is  a  perpen- 
dicular scale,  and  on  it  the  distance  between  the  anode,  and  the 
screen  is  adjusted  by  sliding  the  T-shaped  part  of  the  scale  to 
the  required  number,  the  distances  being  read  from  the  top  of 
the  T-piece.  C  is  the  scale  from  which  the  depth  of  the  foreign 
body  from  the  screen  or  plate  is  read,  whilst  D  represents  the 
displacement  of  the  foreign  body.  H,  E,  F,  G  are  movable 
clips,  carrying  threads,  and  it  is  by  these  that  the  various  positions 
on  the  scales  are  marked. 
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For  use  with  the  apparatus,  a  special  couch  is  supplied,  having 
an  overcouch  plate  or  screen  holder,  with  cross  wires  attached. 
This  is  connected  by  means  of  a  rigid  vertical  arm  to  the  tube 
carrier  beneath  the  couch. 

The  cross-bar  of  the  overcouch  carrier  is  measured  off  in  cm., 
as  are  both  the  vertical  arm  and  the  cross-bar  of  the  tube  carrier 
beneath  the  couch.  From  the  scale  on  the  vertical  arm,  the 
distance  between  the  anode  and  the  screen  is  read.  Having 
accurately  centred  the  anode  in  the  tube-box,  the  patient  is 
placed  on  the  couch,  and  the  approximate  position  of  the  foreign 
body  is  found  by  means  of  the  screen.  The  tube- holder  is  then 
manoeuvred  till  the  cross-wires  are  exactly  over  the  shadow  cast 
by  the  foreign  body  ;  the  diaphragm  is  then  closed  down  till 
only  a  very  small  field  is  illuminated  on  the  screen,  and  in  this 
the  foreign  body  lies  vertically  below  the  cross -wires.  In  this 
position,  the  scale  readings  of  the  tube-holder  and  overcouch 
screen-holder  should  correspond.  The  cross-wires,  having  pre- 
viously been  wet  with  silver  nitrate  or  with  carbol  fuchsin, 
are  now  pressed  down  on  the  skin  surface  so  that  a  cross  is  made 
on  the  skin.  The  foreign  body  lies  in  the  tissues  vertically 
beneath  this  cross  when  the  patient  is  lying  in  this  plane.  A 
mark  is  now  made  on  the  glass  cover  of  the  screen  with  a  grease 
pencil,  at  the  point  at  which  the  shadow  rests.  The  tube  is 
now  displaced  a  given  distance  ;  10  cm.  is  a  very  convenient 
distance  in  practice,  and  another  mark  is  made  on  the  glass  cover 
of  the  screen  in  the  new  position  of  the  shadow.  Now  in  order 
to  find  the  depth  of  the  foreign  body,  the  distance  between  the 
screen  and  the  anode  is  read  from  the  vertical  scale  ;  the  distance 
the  tube  was  displaced  is  known,  and  the  displacement  of  the 
shadow  on  the  screen  measured  by  means  of  a  pair  of  dividers. 
The  clips  carrying  the  threads  are  now  adjusted  on  the  various 
scales,  and  the  T-piece  is  slid  down  till  the  distance  between  the 
anode  and  the  screen  is  registered.  The  point  K  in  Fig.  14  at 
which  the  threads  cross  is  the  position  of  the  foreign  body  ; 
since  the  threads  HG  and  EF  represent  the  rays  coming  from 
the  anode  at  H  and  E  in  the  two  positions,  and  K  is  the  point 
at  which  they  encountered  the  opacity  of  the  foreign  body,  in 
order  to  throw  the  shadows  at  G  and  F  respectively.  The 
depth  of  the  foreign  body  is  read  off  the  scale  C,  and  it  lies 
vertically  beneath  the  cross  on  the  skin  surface. 

This  method  of  localization  may  also  be  used  in  the  case 
of  plates,  either  by  two  separate  plates  or  by  superimposed 
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exposures  on  the  one  plate,  as  has  been  previously  described 
with  the  Mackenzie-Davidson  apparatus.     In  the  case  of  plates, 
the  displacement  of  the  shadow  is  measured  from  the  plates, 
instead    of    from    the 
screen. 

Stereoscopic  pairs  can 
also  be  taken  by  dis- 
placing the  tube  3  cm. 
on  either  side  of  the 
vertical. 

This  direct  method 
of  localization  is  ex- 
tremely accurate,  and 
the  discomfort  of  the 
patient  is  reduced  to  a 
minimum,  which  fact  is 
a  big  consideration  in 
painful  cases. 

If  the  radiographer 
has  neither  of  the  pre- 
viously described  instru- 
ments at  his  disposal, 
he  can  make  for  his 
own  use  a  wall  diagram, 
which  is  based  on  a 
similar  "  system  of  tri- 
angulation,"  as  is  used 
in  the  various  forms  of 
direct  reading  localiza- 
tion. All  that  is  required 
is  a  large  sheet  of 
white  paper,  with  three 
scales  ruled  on  it  as 
shown  in  Fig.  15 

A  vertical  scale  AB, 


FIG.  15.    Wall  diagram. 


twenty-four  inches  long,  is  measured  off  in  inches,  and  at  the 
upper  end  of  this  another  scale  AD  is  ruled  at  right  angles  to 
the  first  scale  AB.  This  scale  AB  should  be  about  four  inches 
long.  Towards  the  lower  end  of  the  vertical  scale  another 
vertical  scale  EF  is  drawn,  exactly  six  inches  from  the  scale  AB, 
on  the  side  opposite  to  the  scale  AD. 

This  scale  should  be  about  twelve  inches  long.     Now  on  these 
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scales,  AC  is  the  distance  between  the  couch  and  the  anode  ; 
the  six  inches  between  the  scales  AB  and  EF  represent  the 
distance  the  tube  is  displaced.  The  scale  EP  represents  the 
height  of  the  upper  skin  surface  above  the  couch.  This  measure- 
ment can  easily  be  obtained  by  means  of  a  pair  of  calipers.  On 
the  scale  AD  the  distance  the  shadow  is  displaced,  when  the  tube 
is  moved  six  inches  from  the  vertical,  is  registered. 

The  method  of  procedure  with  this  apparatus  is  very  similar 
to  that  previously  described  with  the  direct  reading  localizer. 

The  patient  is  placed  on  the  couch  and  the  shadow  of  the 
foreign  body  is  found.  The  diaphragm  is  then  closed  down, 
till  only  a  small  field  is  illuminated  on  the  fluorescent  screen, 
say  an  area  of  one  inch  in  diameter,  and  in  the  centre  of  this 
area  the  shadow  of  the  foreign  body  lies.  A  cross  is  made  on 
the  skin  at  a  point  corresponding  to  this  position  ;  the  foreign 
body  must  lie  vertically  below  this  cross  when  the  patient  lies 
in  this  position. 

The  tube  is  now  displaced  six  inches,  that  is  the  distance 
between  the  two  vertical  scales  on  the  wall  diagram,  and  the 
diaphragm  is  then  opened  wide  and  the  new  position  of  the 
shadow  is  marked  on  the  skin. 

The  distance  the  shadow  has  been  displaced  is  then  measured 
and  marked  on  the  longitudinal  scale,  and  the  height  of  the  skin 
surface  above  the  couch  is  also  marked  on  the  scale  EF.  Now, 
if  a  straight  line  is  drawn,  or  a  piece  of  thread  is  stretched  between 
these  two  points  on  the  scales  AD  and  EF,  it  must  cut  the  scale 
AB,  at  the  point  at  which  the  rays  encountered  the  foreign  body, 
and  consequently  the  distance  down  the  scale  from  A  to  the 
point  at  which  the  line  crosses  it,  is  the  depth  of  the  foreign  body 
in  the  tissues. 

A  method  of  localization  that  has  also  been  of 
service  in  such  parts  of  the  body  as  the  forearm  and 
lower  portion  of  the  leg,  is  to  screen  through  the 
limb  in  two  planes  at  right  angles  to  each  other, 
with  a  very  small  diaphragm.  For  this  localization 
the  only  apparatus  necessary  is  a  small  metal  ring, 
inserted  into  the  end  of  a  long  glass  handle.  Tl^e 
diameter  of  this  metal  ring  is  about  one  inch,  and 
if  greater  accuracy  is  required,  two  fine  wires  may 
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be  stretched  across  it  at  right  angles  to  each  other. 
The  patient  is  placed  on  the  couch  with  the  tube 
below,  and  the  foreign  body  is  found  by  means  of 
the  screen.  The  diaphragm  is  then  closed  down 
until  only  a  small  area  is  illuminated  on  the  screen 
(one  inch  in  diameter)  with  the  shadow  in  the 
centre.  The  metal  ring  is  now  slipped  over  the 
shadow,  and  a  cross  is  made  ;  then,  without  moving 
the  tube  or  the  patient,  the  ring  is  slipped  care- 
fully between  the  couch  and  the  patient  till  it  just 
encircles  the  shadow  again.  The  patient  is  now 
rolled  over  and  a  cross  is  made  at  this  second  position. 
The  limb  is  now  rotated  through  an  angle  of  90°,  or  if 
this  is  impossible  owing  to  the  patient  only  being 
able  to  lie  in  one  position,  an  adj  ustable  tube  holder 
may  be  placed  horizontally.  The  procedure  is  now 
the  same  as  before,  the  diaphragm  being  closed  down, 
until  only  a  small  area  encircles  the  foreign  body, 
and  a  mark  is  again  made  on  either  side  of  the  limb. 
Now  the  foreign  body  must  lie  at  the  point  where 
lines  joining  these  pairs  of  crosses  intersect  at  right 
angles.  If  an  accurate  measurement  is  required  in 
figures,  this  can  easily  be  given  by  bending  a  strip 
of  lead  round  the  limb,  at  the  position  of  the  foreign 
body,  and  marking  the  four  points  on  the  piece  of 
lead.  The  lead  is  now  removed  from  the  limb  and 
is  placed  on  a  sheet  of  white  paper,  thus  giving  a 
fairly  accurate  shape  of  a  transverse  section  of  the 
limb  at  that  point.  Now  two  lines  are  drawn  from 
the  four  points  to  cut  one  another  at  right  angles,  and 
the  position  of  the  foreign  body  is  at  the  point  where 
the  lines  cross.  This  is  measured  in  inches  from  any 
of  the  four  points.  As  the  four  points  are  marked  on 
the  skin,  the  distance  from  any  of  these  can  be  given. 
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A  modification  of  this  method  which  has  proved 
of  great  service  may  be  carried  out  with  the  aid 
of  a  vertical  scale,  standing  on  a  movable  base,  and 
attached  to  this  vertical  scale  is  a  horizontal  scale 
which  is  adjustable  as  to  height.  (The  vertical  scale 
used  for  measuring  purposes  with  the  Mackenzie- 
Davidson  method  does  admirably.) 

The  patient  is  now  screened  with  a  narrowed 
diaphragm,  and  the  position  of  the  foreign  body 
is  marked  on  the  upper  skin  surface.  Now,  instead 
of  marking  the  skin  surface  which  is  now  resting  on 
the  couch,  as  was  done  in  the  previous  method,  the 
limb  is  rotated  through  an  angle  of  90°,  and  a  mark 
is  again  made  on  the  upper  skin  surface,  at  the 
new  position  of  the  shadow  of  the  foreign  body. 
The  vertical  scale  is  now  placed  on  the  couch  in  such 
a  manner  that  it  touches  the  side  of  the  limb,  and  the 
horizontal  scale  is  elevated  and  pushed  out  over  the 
upper  surface  of  the  limb.  The  distances  of  the 
skin  markings  from  the  angle  of  the  scale  are  now 
read  and  from  this  the  measurements  from  either 
skin  marking  is  known.  This  modification  is  ex- 
tremely accurate  and  takes  very  little  time  to  carry 
out. 

In  conclusion,  a  word  might  be  said  about  the 
value  of  the  stereoscope  in  the  localization  of  foreign 
bodies.  It  is  inadvisable  that  too  much  reliance 
should  be  placed  on  the  information  gained  from  it. 
In  parts  of  the  body  where  it  is  possible,  two  plates 
taken  in  two  planes  at  right  angles,  give  far  more 
reliable  information,  especially  if  there  is  a  changing- 
box  with  cross-wire  attachment,  and  the  position  of 
the  cross- wires  is  marked  on  the  skin. 

In  exceptional  cases,  after  localization  has  been 
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carried  out,  the  body  may  be  hard  to  find,  and  it  is 
in  these  cases  that  operating  under  the  screen  has 
proved  of  great  service,  although  it  is  extremely 
dangerous  to  the  surgeon.  The  danger  may  be 
reduced  by  the  surgeon  using  a  long  metal  pointer, 
and  passing  it  down  to  the  foreign  body.  If  this 
is  done  it  is  only  necessary  for  the  tube  to  be  in  use 
for  a  very  short  interval. 

It  should  always  be  remembered  that  plate  locali- 
zations are  preferable  to  screen  localizations,  as 
prolonged  exposure  to  the  rays  is  undesirable,  and 
in  the  case  of  plates  a  permanent  record  is  kept 
of  the  injury.  In  screen  examinations  great  care 
is  essential  in  order  to  avoid  undue  exposure  to  the 
rays.  The  diaphragm  should  always  be  narrow,  and 
the  radiographer  should  see  that  his  tube  boxes  are 
as  ray-proof  as  possible  ;  protective  gloves  of  good 
quality  should  be  worn  in  every  case,  no  matter 
how  short  the  examination  may  be.  In  all  locali- 
zations it  is  advisable  that  the  examination  be  made 
immediately  before  the  operation,  as  small  frag- 
ments often  move,  the  contraction  of  neighbouring 
muscles,  of  course,  accounting  for  this. 


CHAPTER  VI 
COMPOUND  FRACTURES 

THE  two  cardinal  problems  which  have  to  be  con- 
sidered in  the  treatment  of  fractures  caused  by  gun- 
shot wounds  are  the  treatment  of  the  wound  and  the 
treatment  of  the  fracture.  The  treatment  of  the 
wound  is  directed  towards  the  removal  of  septic  and 
dead  matter  and  the  provision  of  drainage,  the 
treatment  of  the  fracture  consists  of  the  immobiliza- 
tion of  the  fragments.  The  necessity  for  the  rapid 
evacuation  of  wounded  from  field  ambulances  and 
casualty  clearing  stations  makes  the  subject  of 
transport  of  these  cases  a  difficult  and  important 
one  and  modifies  the  treatment.  The  septic  nature 
of  the  wounds  may  render  the  treatment  long  and 
unsatisfactory. 

The  missile  which  causes  the  fracture  usually  infects 
the  wound.  The  bullet  or  shell  fragment  penetrates 
the  patient's  skin,  usually  also  a  portion  of  his 
clothing,  thus  becoming  infected  in  its  course.  In 
many  cases  the  missile  carries  into  the  limb,  some- 
times into  the  medullary  cavity  of  a  long  pipe  bone, 
a  portion  of  the  patient's  clothing.  In  order  to 
minimize  the  infection  of  wounds,  all  civilized 
armies  have  been  provided  with  some  form  of 
antiseptic  application  called  a  "  first  field  dressing." 

The  first  field  dressing  consists  essentially  of  some 
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form  of  antiseptic  dressing  and  a  bandage.  The 
application  of  iodine  as  a  first  field  dressing  has 
lately  come  into  vogue,  the  iodine  being  enclosed 
in  the  dressing  packet  in  the  form  of  an  ampoule. 

Neither  the  immediate  application  of  antiseptic 
gauze  nor  the  application  of  iodine  can  be  said  to 
have  had  a  satisfactory  effect  upon  the  prevention  of 
sepsis.  During  the  South  African  campaign  sepsis 
was  comparatively  uncommon,  the  rule  was  that  a 
bullet  wound  dressed  immediately  after  its  infliction 
with  an  antiseptic  dressing  remained  aseptic  ;  it  is  far 
otherwise  during  the  present  campaign.  The  most 
virulent  sepsis  has  frequently  followed  simple  punc- 
tured wounds  although  treated  immediately  after 
the  receipt  of  the  injury  by  efficient  antiseptics.  It 
is  not  difficult  to  discover  why  the  iodine  or  cyanide 
gauze  applied  to  the  wound  has  failed.  The  missile 
having  carried  a  portion  of  filthy  cloth  into  the 
medullary  cavity  of  a  pipe  bone,  or  a  bullet  having 
traversed  dirty  septic  skin  and  clothing  lodged  in  a 
bone,  will  provide  abundant  deep  infection  at  the 
moment  of  injury  and  nothing  that  is  done  to  the 
skin  or  the  wound  can  have  the  slightest  influence 
upon  the  deep  infection. 

The  prophylaxis  of  septic  compound  fracture 
therefore  becomes  rather  beyond  the  scope  of  the 
surgeon.  The  iodine  would  have  to  be  painted  on 
the  patient's  skin  before  and  not  after  the  injury  to 
be  efficient.  The  explanation  of  the  immunity  to 
infection  which  characterized  the  South  African 
wounds  is  probably  to  be  found  in  the  fact  that  the 
troops  were  operating  over  virgin  soil  and  their 
clothes  and  skins  were  comparatively  aseptic.  Any 
attempt  at  prophylaxis  would  have  to  be  in  the 
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direction  of  providing  troops  with  sterile  clothing 
and  skins  before  an  action. 

However  powerless  surgeons  may  be  with  regard 
to  the  primary  and  deep  infection  of  the  wounds, 
it  is  far  otherwise  regarding  a  secondary  infection  of 
the  wound.  The  secondary  infection  is  due  to  a 
superficial  infection  of  the  wound  from  the  skin  or 
clothing,  to  errors  in  technique  of  dressing,  and  the 
prevention  of  such  infection  will  depend  upon  the 
efficient  and  early  treatment  of  the  wound. 

TREATMENT    OF    COMPOUND    FRACTURES  IN 

FIELD   AMBULANCES  AND  ON  THE  LINES  OF 

COMMUNICATION 

There  are  three  surgical  zones  in  the  theatre  of 
war,  the  zone  of  collection  of  wounded,  the  zone  of 
transport  and  the  zone  of  treatment.  In  the  zone 
of  collection  of  wounded,  a  first  field  dressing  will  be 
applied  on  the  field  or  at  the  regimental  aid  post  and 
the  limb  supported  by  some  form  of  temporary 
splint.  The  first  serious  surgical  treatment  may  be 
considered  to  take  place  at  the  dressing  station 
formed  by  the  tent  subdivision  of  a  field  ambulance. 
In  order  to  appreciate  the  treatment  which  is 
applicable  to  a  compound  fracture  in  the  zone  of 
transport  it  is  necessary  to  realize  that  the  surgical 
potentialities  of  a  field  ambulance  will  differ  widely 
with  the  variety  of  fighting  which  is  taking  place. 
In  the  case  of  an  advance  the  tent  division  will  be 
but  a  short  distance  in  rear  of  the  fighting  troops,  it 
will  be  continually  moving  and  the  treatment  must 
necessarily  be  of  the  most  limited  kind.  The 
pressure  of  work  may  necessitate  many  compound 
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fractures  being  transferred  to  the  casualty  clearing 
station  without  more  attention  than  a  temporary 
dressing  and  splinting.  On  the  other  hand,  in  the 
case  of  trench  warfare,  the  field  ambulance  may 
remain  in  the  same  building  for  months  and  elaborate 
treatment  may  be  possible. 

The  experience  of  the  war  has  created  a  ten- 
dency to  delay  even  emergency  operations  until  the 
casualty  clearing  station  is  reached,  except  when 
the  field  ambulance  is  in  reality  doing  the  work  of  "a 
clearing  station. 

THE  TREATMENT  OF  FRACTURES  AT  THE 

FIELD  AMBULANCES  OR  CASUALTY 

CLEARING  STATION 

With  the  exception  of  small  perforated  wounds  all 
wounds  complicating  compound  fractures  require 
exploration,  which  should  be  carried  out  as  soon  as 
possible  after  the  receipt  of  the  injury.  It  is  im- 
possible to  say  where  this  will  be  possible  ;  the  tent 
subdivision  of  a  field  ambulance  is  the  ideal  place, 
provided  the  exigencies  of  war  allow  the  time  and 
appliances.  More  often  the  explorations  will  take 
place  at  the  clearing  station,  and,  unfortunately,  this 
urgent  treatment  must  sometimes  be  delayed  until 
the  base  hospital  is  reached. 

Treatment  in  the  zone  of  transport  resolves  itself 
into  : 

(1)  The  treatment  of  the  wound. 

(2)  The  immobilization  of  the  limb. 

(1)  The  Treatment  of  the  Wound.  The  explora- 
tion of  the  wound  is  a  cleansing  and  drainage 
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operation  directed  towards  the  removal  of  septic 
matter  and  foreign  bodies  and  the  provision  of  ade- 
quate drainage.  Severe  sepsis  with  septic  intoxica- 
tion, cellulitis,  secondary  haemorrhage,  gas  gangrene, 
are  all  to  be  feared  from  comparatively  mild  injuries. 
The  early  exploration  of  the  wound  and  adequate 
cleansing  and  drainage  becomes  imperative  at  an 
advanced  place  in  the  medical  organization,  e.g.  at 
the  field  ambulances. 

It  is  admitted  by  all  that  an  early  cleansing  opera- 
tion, removal  of  septic  foreign  matter,  and  adequate 
drainage  are  essential.  Probably  the  speed  with 
which  such  treatment  can  be  undertaken  is  the 
most  important  factor  in  the  successful  treatment  of 
these  cases.  Beyond  this  operation  difference  of 
opinion  exists.  One  school  advises  cleaning  the 
wound  with  strong  antiseptics,  the  wound  being 
scoured  with  gauze  or  a  nail-brush  or  even  curetted. 
Another  depends  upon  the  use  of  mild  antiseptics  ;  a 
third  discards  antiseptics  of  any  description  and 
depends  upon  hypertonic  saline  solution  and  re- 
moval of  septic  matter  for  the  eradication  of  septic 
infection. 

It  is  a  matter  of  common  experience  that  in  civil 
practice  compound  fractures  coming  under  treat- 
ment within  an  hour  or  two  of  the  injury  will  often 
heal  without  sepsis,  if  treated  by  mechanical 
cleansing  of  the  wound  with  saline  solution. 

In  the  early  stages  the  micro-organisms  are  not 
implanted  in  the  tissues  and  irrigation  and  gauze 
swabs  are  sufficient  to  remove  the  infection.  The 
organisms  present  in  the  wounds  of  war  are  probably 
similar  to  those  present  in  wounds  sustained  in 
street  accidents,  the  difference  in  the  results  is 
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probably  due  to  difference  in  time  which  passes 
between  the  injury  and  the  cleansing  operation. 

When  thefpatient  is  unable  to  obtain  treatment 
within  a  few  hours  it  is  possible  to  put  the  clock  back 
in  a  measure  by  excising  the  wound  and  soiled 
tissue.  The  organisms  will  be  sufficiently  superfi- 
cially situated  at  this  stage  to  admit  of  the  removal 
of  the  septic  area. 

The  following  methods  of  treatment  give  good 
results,  provided  the  operation  is  carried  out  at  a 
reasonably  early  period. 

The  Treatment  by  Hypertonic  Solution.  The  patient 
is  prepared  for  operation  in  the  manner  described  in 
the  chapter  on  the  treatment  of  wounds.  The  sur- 
rounding skin  is  shaved  and  sterilized  by  cleaning 
with  ether  followed  by  a  solution  of  biniodide  of  mer- 
cury in  alcohol.  The  wound  is  excised  with  a  sharp 
scalpel  and  the  deeper  lining  of  the  wound  excised 
with  scissors  or,  when  possible,  the  septic  area  is 
excised  en  masse.  The  use  of  scissors  obviates  bleeding 
to  a  large  extent.  The  wound  is  now  well  flushed  with 
hot  saline  solution.  After  the  wound  has  been  well 
cleaned  with  saline  solution  and  gauze  swabs,  it  is 
lightly  packed  with  gauze,  the  gauze  penetrating  all 
cavities  and  pockets  in  the  wound.  Tablets  of  salt 
are  packed  in  with  the  gauze  so  that  the  cavity  of 
the  wound  is  entirely  packed  with  tablets  and  gauze 
around  a  large  tube  leading  to  the  depth  of  the 
wound.  A  sterile  gauze  and  wool  dressing  is  applied 
over  the  wound.  No  further  drainage  is  necessary  : 
the  discharge  will  have  free  exit  through  the  loose 
gauze  packing  and  no  drainage-tube  is  required. 
The  wound  does  not  require  dressing  for  twenty-four 
hours  when  the  packing  is  removed  and  the  wound 


108  SURGERY  IN  WAR 

irrigated  and  repacked.  After  four  or  five  days  of 
this  treatment,  the  wound  is  either  dressed  with 
gauze  soaked  in  normal  saline  or  continuous  irrigation 
of  normal  saline  is  employed.  Among  the  many 
advantages  of  this  treatment  the  fact  that  the 
patient  does  not  require  dressing  during  his  train 
journey  from  the  clearing  station  to  the  base  is 
an  important  one  ;  the  risk  of  secondary  infection 
when  dressed  under  unfavourable  circumstances  is 
avoided,  and  the  patient  is  saved  from  the  results  of 
insufficient  attention  during  transport. 

The  Treatment  by  Hydrogen  Peroxide.  The  patient 
is  prepared  for  operation  in  the  usual  way  and  the 
surrounding  skin  prepared.  The  wound  is  enlarged 
by  an  incision,  preferably  with  scissors  in  order  to 
avoid  bleeding,  and  the  wound  is  thoroughly  cleaned 
with  gauze.  The  wound  is  then  flushed  out  with 
peroxide  of  hydrogen,  a  ten-volume  solution  being 
mixed  with  equal  parts  of  water.  A  counter  opening 
providing  dependent  drainage  is  made  and  drains 
are  inserted.  Rubber  tubes  are  generally  used  but 
drains  made  of  bandage  rolled  with  rubber  tissue  are 
to  be  preferred.  The  wound  is  dressed  with  gauze 
soaked  with  hydrogen  peroxide  covered  by  wool  and 
bandage  for  transport.  The  bandage  should  not  be 
tight  because  swelling  may  take  place  during 
transport  and  even  gangrene  be  caused.  Compound 
fractures  treated  by  this  method  require  frequent 
and  careful  dressing  during  transport  which  is  a 
disadvantage  of  an  otherwise  excellent  method  of 
treatment. 

The  Treatment  by  Hypochlorous  Acid.  The  value 
of  this  treatment  lies  in  the  power  of  the  antiseptic 
combined  with  its  comparatively  non-irritating 


COMPOUND  FRACTURES  109 

properties.  Hypochlorous  acid  may  be  employed  in 
the  form  of  gas  by  treating  the  wound  by  the  powder 
Eupad  (bleaching  powder  and  boric  acid  in  equal 
quantities),  or  in  the  form  of  a  solution  Eusol.  The 
powdered  form  is  the  more  powerful  antiseptic  and 
will  probably  be  the  more  suitable  treatment  at  this 
stage  of  the  injury.  The  wound  must  be  cleaned  and 
drained,  then  it  is  lightly  packed  with  gauze  im- 
pregnated with  the  powder  Eupad.  Drains  are 
inserted  in  suitable  positions  and  the  dressing  covered 
with  wool  and  bandage  for  transport. 

Types  of  Wounds  complicating  Compound  Frac- 
tures and  their  Treatment. 

(a)  Punctured  entrance  and  exit  wounds. 
(6)  Punctured  entrance  wound  and  exit  wound  of 
the  explosive  type. 

(c)  Entrance  wound  of  shrapnel  bullet. 

(d)  Lacerated  entrance  wound  of  shell  fragment. 

(e)  Punctured  wound  complicated  by  interstitial 
bleeding. 

(/)  Bullet  or  shrapnel  wound  complicated  by  very 
extensive  laceration  of  the  soft  parts. 

(a)  Fractures   complicated  by  an  entrance  and 
exit  wound  of  small  size  may  be  sometimes  left 
unexplored,  but  it  is  safer  to  explore,  clean  out, 
and  drain  all  bullet  wounds  involving  bone. 

(b)  A  large  exit  is  often  produced  by  the  explosive 
effect  of  the  bullet ;  in  such  cases  the  entrance  wound 
will  require   enlarging  and   a  large   drainage-tube 
either  passed  down  to  the  bone  through  each  wound 
or  a  tube  passed  through   the  bullet  track  after 
removing    with    scissors    or    spoon    necrosed    and 
bruised  tissue. 
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(c)  In  the  case  of  fracture  produced  by  a  shrapnel 
bullet  the  entrance  wound  should  be  enlarged,  the 
bullet  removed,  and  a  counter  opening  made  for 
drainage  in  a  dependent  position. 

(d)  Lacerated   entrance   wounds    should   be   ex- 
plored, enlarged  if  necessary,  and  the  shell  fragment 
removed.     A  counter  opening  for  dependent  drain- 
age should  be  made.     A  convenient  way  in  which 
to  make  a  dependent  drainage  aperture  is  to  intro- 
duce a  long  bullet  forceps  through  the  wound  and 
depress  the  points  of  the  forceps  until  they  push 
against  the  skin.     An  incision  may  then  be  made 
on  to  the  point  of  the  forceps  without  endangering 
important  structures. 

(e)  Punctured  wounds,  complicated  by  interstitial 
bleeding,  require  exploration  and  a  search  for  the 
bleeding  vessel.     If  this  cannot  be  found  the  un- 
satisfactory method  of  plugging  must  be  resorted 
to,  the  plug  should  be  soaked  with  hypertonic  saline 
and  should  not  be  removed  for  several  days.     The 
patient  should  not  be  transferred  but  should  be 
kept  under  observation  until  the  bleeding  has  ceased. 

(/)  Shrapnel  or  bullet  wounds,  complicated  by 
severe  laceration  of  the  soft  parts,  require  operative 
treatment  directed  towards  cleaning  the  wound  of 
septic  matter  and  the  ligature  of  bleeding  vessels. 
In  some  cases  a  primary  amputation  may  be  in- 
dicated. 

II.  The  Immobilization  of  the  Limb.  The  im- 
mobilization of  fractures  may  be  brought  about  by 
several  methods.  Splints  of  some  form  are  used 
in  the  majority  of  cases.  More  accurate  apposition 
can  be  obtained  by  operative  measures,  and  by  the 
use  of  plaster,  but  these  methods  have  only  been 
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found  to  be  suitable  in  a  few  cases.  Plaster  was 
used  with  success  in  South  Africa  by  some  surgeons 
and  certainly  at  the  beginning  of  the  present  war  was 
used  by  the  German  surgeons.  It  possesses  the 
advantages  of  providing  absolute  immobility  of  the 
limb  and  of  being  easy  to  obtain.  It  is  applicable 
to  any  variety  of  fracture  and,  unlike  special  splints, 
is  not  liable  to  run  short  at  the  most  inconvenient 
moment.  Unfortunately,  plaster  possesses  disad- 
vantages which  have  negatived  its  use  during  the 
present  war.  The  septic  nature  of  the  wounds  cause 
the  plaster  to  become  foul,  the  wounds  cannot  be 
adequately  attended  to  during  transport,  and  the 
application  of  the  splint  takes  up  too  much  time  for 
active  service.  The  acute  swelling  which  accom- 
panies a  septic  fracture  makes  the  application  of 
plaster  dangerous.  Wooden  and  metal  splints  may 
be  divided  into  two  classes  :  firstly  those  which  pro- 
vide special  extension — for  example,  Thomas'  knee 
splint  and  its  various  modifications,  and  Hodgen's 
thigh  splint — and  secondly,  those  which  simply  sup- 
port a  limb  without  supplying  special  extension  — 
for  example,  wooden  back  splints  with  foot-piece,  and 
angular  arm  splints. 

Splints  which  do  not  provide  special  extension 
may  be  regarded  as  merely  improvized  apparatus 
which  the  exigencies  of  war  compel  but  not  as  the 
treatment  of  election.  Such  splints  (including  the 
aluminium  outfits  provided  in  the  regulation  field 
fracture  box),  act  as  cradles,  rests,  or  troughs,  but 
rarely  act  as  fixation  agents. 

For  the  treatment  of  septic  compound  fractures, 
splints  should  meet  the  following  requirements. 
They  should  provide  adequate  extension  of  the  limb, 
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for  the  pain  associated  with  the  transport  of  fractures 
is   largely   obviated   by   extension.     Sufficient   im- 
mobility  of   the   limb   must   be   obtainable.     The 
splints  should  be  of  metal  in  order  that  they  will  not 
become  soaked  with  discharge  and  that  they  may  be 
easily  cleaned.     They  should  permit  of  easy  access 
to  the  wound  for  the  purpose  of  dressing,  and  should 
be  capable  of  being  slung  in  order  that  dependent 
drainage   may  be   carried   out.     The   majority   of 
compound  fractures  can  be  efficiently  treated  by 
some  form  of  Thomas  splint.      These  splints  can  be 
easily   and  rapidly   applied  and   secure   extension 
whilst  permitting  dressing  and  drainage  of  the  limb. 
Patients  can  usually  be  carried  in  comfort  by  rail 
or    motor-car    when    these    splints    are    applied. 
Thomas  splints  form  the  most  useful  apparatus  for 
the  transport  of  patients  oil  the  lines  of  communica- 
tions.    The   application   of   these   splints   will   be 
described  under  the  treatment  of  special  fractures. 
Although  many  more  elaborate  splints  are  available 
and  may,  in  some  cases,  be  more  suitable  for  certain 
cases,  it  has  been  found  that  the  more  simple  the 
splint  the  more  applicable  it  is  to  a  large  number  of 
cases.     It  is  necessary  to  employ  splints  of  standard 
pattern  for  military  purposes  ;    it  is  impossible  to 
guarantee    the    provision    of    sufficient    splints    of 
various  particular  makes  and  the  more  surgeons  can 
confine  their  treatment  to  one  pattern  of  splint  the 
more  efficient  will  be  the  supply.     For  this  reason 
the  treatment  of  fracture  by  one  splint  has  been 
described  in  this  chapter. 
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THE  TREATMENT  OF  COMPOUND  FRAC- 
TURES IN  BASE  HOSPITALS 

The  following  directions  indicate  the  lines  of 
treatment  to  be  followed  in  dealing  with  compound 
fractures  of  the  shoulder  girdle,  upper  limb,  pelvis 
and  lower  limb,  after  the  patients  have  reached  a 
base  hospital,  i.e.  from  one  to  several  days  after 
the  injuries  have  been  received. 

Treatment  of  Fracture.  In  considering  the  in- 
dications for  treatment,  cases  of  compound  fracture, 
as  seen  at  the  base,  may  be  broadly  divided  into 
two  groups  : 

(I)  Cases  in  which  infection  is  already  obviously 

present  throughout  the  wound  and  causing 
evident  constitutional  disturbance. 

(II)  Cases  in  which  infection  is  absent  or  limited  to 

small  surface  wounds. 

(I)  Cases  with  marked  infection  throughout  the 
wound  form  the  great  majority  of  those  coming  under 
observation  and  may  for  present  purposes  be  con- 
veniently grouped  as  follows  : 

(a)  Cases  requiring  immediate  operation. 

(i)  by  amputation, 

(ii)  by  operation  for  provision  of  drainage,  etc. 
(6)  Cases  in  which  there  is  no  urgent  call  for 

immediate  operation  and   there  is  time  to 

wait   for  X-ray  examination  as  a  guide  to 

further  treatment. 

(a)  Cases  requiring  immediate  operation.  Amputa- 
tion is  called  for  : 

8 
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(1)  If  the  limb  is  gangrenous. 

(2)  In  some  cases  of  secondary  hsemorrhage. 

(3)  If   infection   with   gas-forming   organisms   is 
present  with  threatening  gangrene,  in  cases  with 
very    extensive   laceration   and    contamination    of 
soft  parts. 

(4)  In  cases  where  a  severe  wound  infection  is 
present  with  profound  general  toxaemia. 

Apart  from  cases  requiring  amputation  immediate 
operation  is  called  for  : 

(i)  In  cases  where  severe  infection  is  present  and 
drainage  appears  inadequate,  e.g.  cases  in  which 
shell  fragments  have  entered  or  perforated  and  a 
track  is  left  lined  with  bruised  and  necrotic  tissue. 
When  possible,  such  tracks  should  be  completely 
laid  open  or,  if  this  is  impossible,  the  surface  wounds 
should  be  enlarged  and  large  tubes  inserted  to  pro- 
vide the  freest  possible  drainage.  At  the  same  time 
foreign  bodies  and  small  completely  detached  frag- 
ments of  bone  should  be  removed. 

(ii)  In  cases  with  persistent  oozing  of  blood.  In 
such  cases  the  wound  should  be  freely  opened  and 
bleeding  arrested  by  ligature  or  stitch.  The  arrest 
of  bleeding  in  a  septic  wound  by  plugging  should 
only  be  resorted  to  as  a  temporary  measure,  to  be 
used  till  direct  access  to  the  bleeding-points  can  be 
obtained. 

(b)  Cases  in  which  there  is  no  urgent  call  for  im- 
mediate operation. 

Where  the  patient's  general  condition  is  good  and 
the  wound  infection  does  not  appear  to  be  very 
severe,  the  wound  should  be  dressed  in  accordance 
with  the  directions  given  in  the  section  on  the 
"  General  Treatment  of  Wounds  "  and  the  limb 
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immobilized  with  a  splint.  No  free  manipulation 
of  the  limb,  digital  or  instrumental  examination 
of  the  depth  of  the  wound  should  be  attempted. 
The  patient  should  be  given  a  good  night's  rest  and 
next  day  X-ray  examination  should  be  carried  out 
as  a  routine  by  stereoscopic  radiography  or  by 
negatives  taken  in  two  planes,  in  order  that  exact 
information  may  be  gained  as  to  the  presence  and 
site  of  foreign  bodies,  loose  fragments  of  bone,  etc., 
as  a  guide  to  further  treatment.  When  this  has 
been  gained  the  indications  to  be  fulfilled  are  : 

(1)  To  remove  foreign  bodies. 

(2)  To  remove  all  small  completely  detached  and 
displaced  fragments  of  bone  and  any  that  might 
interfere  with  drainage. 

(3)  To  provide  perfectly  free  drainage,  if  possible 
through  dependent  openings. 

(4)  To  fix  the  limb  in  a   splint  which  will  allow 
extension  to  be  applied  if  necessary  and  if  possible 
at  the  same  time  allow  dressing  to  be  done  without 
removing  the  splint. 

If  operative  treatment  is  necessary,  incisions 
should  be  carefully  planned  to  give  perfectly  free 
access  to  the  seat  of  injury  and  to  provide  free 
drainage.  Unnecessarily  free  incisions,  bruising  of 
the  tissues,  and  unduly  vigorous  manipulation  of  the 
bones,  should  be  carefully  avoided,  for  it  must  be 
remembered  that  the  operation  opens  up  a  fresh 
raw  surface  and  is  usually  followed  by  a  sharp  local 
and  general  reaction.  Large  vessels  exposed  in  a 
wound  and  apparently  undamaged  should  be  left 
alone,  pressure  on  them  by  projecting  ends  of  bone 
or  drainage-tubes  being  carefully  avoided.  If  vessels 
appear  to  be  seriously  bruised  and  likely  to  give  way 
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they  should  be  ligatured,  divided,  and  allowed  to 
retract. 

Very  free  drainage  should  be  provided  if  possible 
through  dependent  openings. 

If  in  spite  of  the  treatment  carried  out  infection 
spreads  and  the  patient's  general  condition  deterio- 
rates, amputation  may  be  called  for. 

Transfer  to  England.  Patients  must  not  be  trans- 
ferred to  England  until  all  fear  of  secondary  haemor- 
rhage or  spread  of  suppuration  is  at  an  end. 

(II)  Cases  in  which  infection  is  absent  or  limited  to 
small  surface  wounds.  Such  cases  are  relatively 
few  in  number  but  it  is  important  to  recognize  their 
occurrence  because  they  must  be  treated  on  the 
same  lines  as  simple  fractures. 

They  are  usually  the  result  of  rifle  bullet  wounds 
where  the  bullet  has  perforated  or  lodged  in  the 
cancellous  end  of  a  long  bone.  They  show  the  usual 
small  entrance  wound  and  if  perforation  has  taken 
place  the  exit  wound  may  be  little  larger. 

When  first  seen  there  may  be  considerable  swelling 
and  tenderness  and  it  is  noteworthy  that  after 
a  journey  patients  with  such  injuries  often  show  a 
rise  of  temperature  of  two  or  three  degrees  for  a 
night  or  two,  just  as  in  cases  of  simple  fracture. 
This  need  not  be  taken  as  a  serious  symptom. 
Unless  haemorrhage  is  taking  place  there  is  little 
discharge  from  the  wounds.  After  rest  and  sleep  the 
temperature  falls,  the  pain  diminishes  and  the  case 
assumes  the  appearance  of  one  of  simple  fracture. 

Exploration  of  a  closed  bullet  track  by  probe  or 
other  means  is  contra-indicated  and  any  manipula- 
tion of  the  limb  should  be  of  the  gentlest  possible 
character. 
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X-ray  examination  of  the  fracture  must  be  carried 
out  as  usual  but  is  not  so  urgently  required  as  in 
infected  cases.  If  a  bullet  has  lodged  in  the  bone  or 
soft  parts  and  suppuration  does  not  take  place 
round  it,  it  should  be  left  till  the  surface  wound  has 
healed  as  there  is  considerable  risk  of  carrying  infec- 
tion to  the  deeper  parts  if  even  a  small  surface 
wound  is  opened  up  to  give  access.  The  same 
general  principle  applies  to  cases  in  which  nerve, 
trunks  have  been  divided,  i.e.  they  should  be  left 
till  an  aseptic  result  can  be  assured  for  the  operation 
of  uniting  the  divided  nerve. 

OPERATIONS  ON  COMPOUND    FRACTURES 
IN  BASE  HOSPITALS 

The  operations  which  are  usually  required  in  base 
hospitals  are  elaborations  of  the  treatment  described 
under  the  treatment  of  fractures  on  the  lines  of  com- 
munications. The  removal  of  badly  damaged  soft 
tissue,  the  excision  of  the  septic  area  of  the  wound, 
and  the  provision  of  counter  drainage  openings  in 
dependent  positions  forms  the  bulk  of  the  operative 
measures  required.  Opinions  are  variable  regarding 
the  advisability  of  wiring  or  plating  septic  compound 
fractures.  The  dangers  of  spreading  infection  by 
the  incision  of  fresh  tissues  and  of  osteomyelitis 
being  produced  by  drilling  the  bone  negative  the 
procedure  in  the  opinions  of  some  surgeons.  Many 
surgeons  have  been  successful  in  the  treatment  of 
gunshot  fractures  by  plating.  The  plate  or  wire 
acts  as  an  internal  splint,  and  gives  the  patient  com- 
fort which  no  external  splint  can  give.  The  union 
of  the  fracture  is  favoured  by  the  accurate  apposition 
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and  immobility  of  the  fragments.  The  spread  of 
infection  due  to  enlarging  the  wound  and  cutting 
down  to  the  bone  may  be  regarded  as  no  more 
dangerous  than  that  of  a  drainage  operation.  Screws 
rapidly  become  loose  if  screwed  into  living  bone  and  if 
they  are  long  enough  to  reach  the  medullary  cavity 
may  cause  a  spread  of  infection  thereto.  This  is 
beyond  doubt  one  of  the  greatest  dangers  asso- 
ciated with  this  treatment.  Screws  placed  in  dead 
bone  do  not  become  loose  and  in  any  case  the 
loosening  of  the  screws  does  not  become  apparent 
until  the  time  for  some  union  to  have  taken  place  has 
arrived.  The  memorandum  on  the  treatment  of 
injuries  in  war,  July  1915,  states  : 

Operative  Treatment  of  Compound  Fractures.  It  is 
best  not  to  use  wires  or  plates  or  any  other  form 
of  direct  mechanical  fixation.  In  every  septic 
wound,  necrosis  and  further  spread  of  infection  are 
easily  caused,  and  screws  and  rivets  rapidly  become 
loose  in  suppurating  wounds. 

Mr.  Norman  C.  Lake  contributes  a  valuable  article 
on  the  subject  of  the  plating  of  gunshot  fractures  in 
the  British  Medical  Journal,  July  10,  1915.  The 
following  extract  from  his  paper  puts  forward  the 
arguments  in  favour  of  plating  these  fractures  : 

As  far  as  anatomical  reconstruction  goes,  it  is  possible  in 
the  majority  of  cases  to  obtain  a  considerable  degree  of  per- 
fection with  a  plate  ;  but  the  problem  as  to  whether  its 
application  would  not  increase  the  damage  by  opening  up 
further  channels  for  infection,  both  in  the  soft  tissues  and  in 
the  bones  (chiefly  through  screw  holes),  was  one  which  at 
first  caused  a  good  deal  of  anxiety.  A  wide  experience, 
however,  has  proved  that  the  fresh  infection  of  soft  tissues 
is  negligible  in  view  of  the  already  extensive  damage,  and 
that  fresh  infection  of  the  bone  does  not  occur  to  any  extent 
worthy  of  consideration.  Indeed,  in  some  cases,  chiefly  of  the 
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smaller  bones,  a  previously  septic  wound  has  healed  completely 
over  a  plate.  Such  results  were  unexpected,  and  may  possibly 
be  due  to  the  healthy  condition  of  the  tissues  previous  to  the 
injury,  for  the  screw- holes  must  frequently  open  up  the  medulla 
beyond  the  primary  limitation  of  the  sepsis,  and  yet  necrosis, 
except  of  more  or  less  detached  fragments,  does  not  occur. 
Following  logically  upon  these  considerations  comes  the  question 
whether  the  plates  tend  to  loosen  in  the  presence  of  sepsis,  and, 
if  so,  how  quickly  such  loosening  occurs.  It  has  already  been 
mentioned  that  in  some  cases  complete  healing  actually  occurs 
over  a  plate  ;  in  the  large  number  of  cases,  however,  the  plates 
do  tend  to  loosen,  although  not  to  the  extent  that  a  priori  reason- 
ing would  lead  one  to  expect.  This  loosening  does  not  occur 
to  a  degree  sufficient  to  affect  the  function  of  the  plate  until 
the  fragments  have  become  more  or  less  fixed  in  position  (three 
or  four  weeks),  and  even  then  it  still  acts  as  a  most  efficient 
method  of  extension.  Appearing  to  have  little  effect  upon  the 
septic  process,  the  plates  may  often  be  left  in  position  for  con- 
siderably longer  periods,  frequently  becoming  consolidated 
again. 

The  chief  objections,  therefore,  to  the  use  of  internal  splints 
are  rather  of  theoretical  than  practical  interest ;  and  the  ease 
with  which  the  dressing  can  be  manipulated,  and  massage,  etc., 
applied  to  the  neighbouring  joints  and  soft  tissues,  can  be  attained 
with  few  other  methods  of  splinting.  In  view  of  recent  writings 
upon  the  sterilization  of  these  wounds  soon  after  they  are  in- 
flicted, it  must  be  mentioned  that  in  nearly  all  the  shell  wounds 
seen  here  twenty-four  to  forty-eight  hours  after  infliction  the 
infection  had  already  got  into  the  tissues,  so  that  it  was  im- 
possible to  adopt  any  method  of  immediate  sterilization  with 
success. 

Corp.  S was  wounded  March  3,  1915,  he  was  treated  at 

the  field  ambulance  by  the  application  of  a  long  Liston  splint, x 
the  wound  was  not  incised  and  was  dressed  with  cyanide  gauze 
dressings.  The  patient  was  admitted  to  a  clearing  station  where 
the  wound  was  dressed  at  intervals,  no  operation  was  performed. 
Seven  days  after  the  injury  he  was  admitted  to  a  base  hospital. 
A  wound  of  entrance  was  present  on  the  inner  side  of  the  thigh 
at  the  junction  of  the  lower  and  middle  third  ;  the  exit  wound 
was  large  and  lacerated,  situated  on  the  outer  aspect  of  the 
thigh.  A  fracture  of  the  shaft  of  the  femur  was  present  at  the 
junction  of  the  middle  and  lower  thirds  of  the  shaft.  Under 
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ether  the  wounds  were  cleaned  and  drained,  and  a  large  drainage- 
tube  was  passed  through  the  limb  and  a  dependent  drain  was 
made  posteriorly.  There  was  an  oblique  fracture  of  the  shaft 
with  very  little  comminution.  The  patient  was  treated  by 
putting  the  limb  on  a  Thomas  splint  and  dressing  the  wounds 
with  saline  solution.  The  position  of  the  limb  was  not  good 
and  the  patient  suffered  great  pain. 

The  splint  was  so  uncomfortable  that  it  was  changed  for  a 
Hodgens  splint,  the  Hodgens  splint  being  suspended  from  a 
Balkan  splint.  The  position  of  the  limb  remained  very  un- 
satisfactory and  the  pain  was  not  relieved.  The  condition  of 
the  wounds  improved.  Fourteen  days  after  the  injury  the  exter- 
nal wound  was  enlarged  by  a  longitudinal  incision  along  the  outer 
side  of  the  thigh  and  the  femur  placed  in  good  position  by  strong 
extension  and  levers.  Two  strong  silver  wires  were  passed 
round  the  femur  at  four  inches  interval  and  the  obliquely  frac- 
tured femur  was  held  firmly  in  position.  The  limb  was  again 
placed  on  the  Hodgens  splint  and  dressed  with  saline  solution 
The  patient  no  longer  complained  of  pain,  and  the  wounds 
rapidly  became  clean.  Five  weeks  after  the  operation  the 
patient  was  transferred  to  England  with  the  limb  on  a  back 
splint ;  union  of  the  fracture  was  present. 

Amputation.     Primary  amputation  is  indicated  : 

(1)  When  the  fracture  is  complicated  by  serious 
infection  of  the  knee  joint. 

(2)  If  there  is  severe  comminution  of  the  articular 
ends  of  the  bone  together  with  fracture  implicating 
the  medullary  cavities  of  the  bone  in  the  presence 
of  severe  laceration  of  the  soft  parts  and  septic 
infection. 

(3)  If   gas   gangrene    is    present,  amputation   is 
strongly  indicated  in  all  but  the  mildest  cases. 

(4)  If  serious  injury  to  the  main  vessels  and  nerves 
is  present. 

Secondary  amputation  is  indicated  : 
(1)  If  suppuration  persists  and  the  patient's  con- 
dition steadily  deteriorates. 
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(2)  If  spreading  osteomyelitis  is  present. 

(3)  If  secondary  haemorrhage  occurs  which  is  not 
amenable  to  direct  ligature  of  the  bleeding  vessel. 
Secondary  haemorrhage  complicating  fracture  of  the 
femur  has  shown  itself  to  be  one  of  the  most  elusive 
and  fatal  clinical  conditions  of  war.     The  slightest 
error  in  judgment  when  considering  the  question  of 
amputation  for  this  condition  will  cost  the  patient 
his  life. 

It  is  impossible  to  lay  down  an  absolute  rule  or 
guide  as  to  when  a  limb  should  be  amputated,  the 
degree  of  sepsis,  toxaemia,  and  shock  which  a  patient 
can  support  cannot  be  measured  by  any  known 
standard.  There  is  one  test,  however,  which  any 
surgeon  can  apply  to  his  treatment.  If  the  surgeon 
is  losing  ten  per  cent,  of  his  cases  of  fracture  of  the 
femur,  something  is  wrong  with  his  treatment.  He 
must  reconsider  his  indications  for  amputation  and 
remember  that  surgeons  were  getting  better  results 
a  hundred  years  ago.  Too  much  reliance  must  not 
be  placed  upon  the  memory  of  surgical  curiosities 
which  have  recovered  under  the  most  disadvan- 
tageous circumstances  without  the  loss  of  a  limb. 
History  is  liable  to  fail  to  repeat  itself  under  such  cir- 
cumstances. The  loss  of  a  limb  is  rightly  considered  a 
surgical  failure,  but  the  loss  of  a  life  is  a  calamity,  and 
the  loss  of  a  life  after  amputation  is  a  frank  ad- 
mission that  the  surgeon  did  not  know  when  he 
ought  to  amputate. 

The  memorandum  of  surgical  treatment  gives  the 
following  advice  on  this  subject : 
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METHODS  OF  AMPUTATION 

The  difficulties  attending  the  performance  of  am- 
putations during  an  active  campaign  form  no  new 
experience,  since  the  dangers  resulting  from  the 
probabilities  of  infection,  and  the  unfavourable 
influence  of  early  transport  on  a  recent  amputation, 
have  been  recognized  throughout  the  history  of 
military  surgery. 

In  the  present  war  the  great  frequency  of  anaerobic 
infections,  the  spread  of  which  is  so  rapid  and  disas- 
trous in  its  results,  has  greatly  increased  the  diffi- 
culties of  the  problem. 

For  this  reason  certain  general  directions  have 
been  formulated  below,  but  it  must  be  understood 
that  when  the  possibility  of  performing  a  really 
"  clean  operation  "  exists,  the  ordinary  surgical  pro- 
cedure should  not  be  departed  from,  although  even 
in  that  case  the  provision  for  drainage  must  be  more 
than  usually  liberal. 

(1)  When  a  primary  amputation  is  indicated  by 
the  degree  of  injury  a  simple  circular  or  flap  amputa- 
tion so  designed  as  to  meet  the  exigencies  of  the 
particular  case  is  suitable.     In  view  of  the  experience 
that  primary  union  is  rarely  attained,  such  ampu- 
tations should  not  be  closed  by  sutures. 

Amputations  with  osteoplastic  flaps,  or  where 
primary  union  is  a  necessity,  such  as  Stephen  Smith's 
at  the  knee  joint,  should  not  be  performed. 

(2)  Amputations  for  the  removal  of  limbs,  of  which 
the  tissues  are  seriously  infected  either  by  anaerobic 
organisms  or  streptococcus,  should  be  made  either 
by  the  circular  method  with  very  short  flap,  and 
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left  entirely  open,  or  by  the  flapless  method  ad- 
vocated by  Lieut.  Fitzmaurice  Kelly.  In  cases 
where  the  amputation  is  carried  through  infected 
tissues,  especially  when  the  infection  is  anaerobic 
in  nature,  the  latter  method  has  merits  which  out- 
weigh the  disadvantage  that  a  second  operation  for 
the  removal  of  bone  may  be  necessitated. 

(a)  It  allows  the  amputation  to  be  done  at  a 
lower  level,  since  it  may  be  carried  through  infected 


FIG.  16.  The  treatment  of  an  amputation  stump  by 
extension.  This  drawing  was  sketched  from  a  case  of  direct 
circular  amputation  through  the  thigh.  The  soft  tissues  and 
bone  were  cut  in  one  section  at  the  same  level.  In  order 
to  bring  the  soft  parts  over  the  end  of  the  bone  longitudinal 
strips  of  strapping  were  placed  on  the  skin  and  supported 
by  a  bandage.  The  cord  passed  over  a  pulley  and  was 
attached  to  a  light  weight.  The  effect  of  the  extension 
was  such  that  the  tissues  were  drawn  well  over  the  end  of 
the  bone  and  a  good  stump  resulted.  The  wound  contracted 
until  a  comparatively  small  scar  remained,  which  was  drawn 
well  to  the  back  of  the  limb. 

tissues,  which  latter  in  consequence  of  free  drainage 
provided,  may  recover. 

(6)  The  dangers  to  the  patient  of  local  extension  of 
the  infective  process,  and  of  systemic  infection  are 
minimized. 

(c)  It  may,  without  any  disadvantage,  be  made 
to  correspond  in  position  with  that  of  a  fractured 
bone. 
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(d)  Extensive  use  of  the  method  has  fully  demon- 
strated these  advantages. 

Disarticulation,  especially  through  the  knee  joint, 
has  not  proved  itself  of  any  material  advantage. 

Comminuted  Fractures  involving  the  Great  Joints. 
Some  of  these  are  only  suitable  for  amputation.  In 
the  case  of  fine  comminution  of  the  head  of  the  femur 
or  humerus,  the  fragments  may  occasionally  be 
advantageously  removed  primarily  and  a  modified 
excision  of  the  joint  effected.  These  operations  are 


FIG.  17.  This  stump  has  been  treated  by  an  elaboration 
of  the  method  shown  in  the  last  drawing.  The  wheel  allows 
the  extension  apparatus  to  be  unshipped  with  ease.  The 
wheel  is  sufficiently  large  to  allow  its  passage  over  the 
stump  for  dressing  purposes.  In  some  cases  these  stumps 
have  been  grafted  by  Thiersch's  method  with  advantage. 
It  is  rarely  necessary  to  perform  a  secondary  operation  for 
the  removal  of  bone  if  extension  is  used,  although  bone 
may  project  after  the  operation. 

suitable  where  the  other  bone  or  bones  forming  the 
joint  are  intact.  In  the  case  of  the  elbow  joint 
similar  primary  operations  may  also  be  considered. 

Amputation  will  be  called  for  (a)  As  a  primary 
measure  when  the  limb  is  hopelessly  shattered,  when 
it  is  gangrenous,  or  when  the  case  is  not  seen  until 
very  advanced  gas  gangrene  has  set  in. 

In  some  of  these  last  cases  the  patient's  condition 
may  be  too  bad  to  warrant  the  performance  of  an 


PLATE   7.     COMPOUND   FRACTURE  OF  FEMUR.     A  shrapnel  bullet  is 

embedded  in  the  shaft  of  the  femur,  the  bone  being  fractured  without  loss 

of  continuity.     A  long  fissured  fracture  is  seen  extending  above  and 

below  the  missile 
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immediate  amputation,  and  free  incisions  must  then 
be  made  in  the  hope  of  clearing  up  the  infection 
sufficiently  to  permit  of  the  amputation  being 
performed  as  a  secondary  measure.  In  primary 
amputation  of  the  thigh  the  injection  of  stovaine 
either  into  the  spinal  canal,  or  to  block  the  main 
nerve  paths  may  be  very  beneficial. 

Amputation  (6)  As  a  secondary  measure  will  be 
called  for  in  cases  running  an  unfavourable  course. 
The  indications  for  amputation  here  are  the  same  as 
those  prevailing  in  similar  cases  in  civil  practice. 

Transference  to  England.  The  question  of  the 
time  at  which  cases  of  compound  fracture  should  be 
transferred  to  England  is  of  importance.  On  the 
whole,  perhaps,  the  best  lule  to  lay  down  is  that 
transfer  may  be  effected  as  soon  as  the  wound  is 
draining  thoroughly,  and  the  temperature  chart  is 
satisfactory.  In  time  of  stress,  patients  who  are 
well  enough  may  be  transferred  immediately  they 
have  been  drained  efficiently. 

THE  TREATMENT  OF  SPECIAL  FRACTURES 

Fracture  of  the  Femur.  The  difficulties  which 
attend  the  treatment  of  this  serious  injury  begin 
at  the  moment  of  injury  and  are  continued  through- 
out the  patient's  illness.  The  difficulties  of  trans- 
port, the  liability  to  severe  sepsis,  to  injury  of  im- 
portant structures,  to  shock,  to  secondary  haemor- 
rhage, together  with  the  difficulty  of  keeping  the 
bone  in  good  position  and  efficiently  draining  the 
wound,  combine  to  make  the  question  of  the  treat- 
ment of  this  injury  a  most  difficult  one.  The 
patient  has  to  be  conveyed  to  a  field  ambulance  or 
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further  before  adequate  surgical  treatment  can  be 
applied.  The  more  elaborate  splints  are  out  of  the 
question  at  the  stage  of  first  aid.  The  provision  of 
Thomas  or  other  extension  splints  at  regimental 
aid  posts  and  their  application  there  is  not  possible. 
It  is  undesirable  to  attempt  powerful  extension  as  a 
first  aid  treatment  :  it  will  not  be  successful  and 
will  only  add  to  the  patient's  distress  ;  comminuted 
fracture  and  loss  of  tissue  without  shortening  or 
overlapping  of  the  bone  ends  is  characteristic  of  this 
gunshot  fracture.  A  long  Liston  splint  is  probably 
the  best  temporary  splint  available  for  first  aid 
treatment ;  the  application  of  this  splint  posteriorly 
instead  of  laterally  is  worth  consideration  in  order 
to  facilitate  lifting  and  moving  the  patient.  The 
application  of  two  long  Liston  splints  one  to  the 
sound  leg  in  addition  to  the  splint  applied  to  the 
fractured  limb,  and  bandaging  the  legs  together, 
will  allow  transport  to  be  undertaken  in  greater 
comfort.  It  is  of  the  utmost  importance  that  an 
exploratory  and  cleansing  operation  be  undertaken  at 
the  earliest  possible  moment  ;  the  exigencies  of  war 
will  often  relegate  this  cleansing  and  drainage  opera- 
tion, which  should  be  performed  at  an  early  period, 
to  base  hospitals  or  units  distant  from  the  field 
ambulance. 

Two  immediate  needs  require  early  attention,  the 
removal  of  grossly  septic  matter  and  the  provision 
of  drainage.  When  it  is  remembered  that  portions 
of  septic  cloth  as  well  as  missiles  are  frequently  found 
upon  exploration,  it  will  be  evident  how  important 
the  early  exploration  of  the  wound  becomes.  Every 
case  of  gunshot  fracture  of  the  femur  should  be 
explored  with  the  exception  of  those  cases  with 
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entrance  and  exit  bullet  wounds  which  show  no  signs 
of  swelling,  have  normal  temperatures  and  ap- 
parently aseptic  wounds.  However  clean  the  wounds 
may  appear  in  the  early  stages  they  possess  only  a 
fractional  chance  of  aseptic  recovery. 

The  Exploratory  Operation.  The  patient  should 
be  given  a  general  anaesthetic  and  the  skin  prepared 
in  the  usual  way  ;  the  wound  or  wounds  should  be 
excised  if  possible  and  the  incision  carried  down  to 
the  point  of  fracture.  With  the  gloved  finger  the 
wound  is  explored  for  foreign  bodies,  shell  fragments, 
bullets,  portions  of  clothing.  Badly  damaged, 
bruised,  and  lacerated  tissue  which  is  impregnated 
with  septic  matter  should  be  cut  away  with  scissors. 
Loose  comminuted  fragments  of  bone  are  not  re- 
moved as  a  rule  ;  very  exceptionally  perfectly  loose 
fragments  which  interfere  with  drainage  are  re- 
moved. A  suitable  incision  for  the  provision  of 
dependent  drainage  should  always  be  made.  The 
wound  is  cleaned  with  gauze  swabs  and  well  irrigated 
with  saline  solution.  The  cavity  of  the  wound  is 
now  packed  with  sterile  gauze,  saline  tablets  being 
placed  between  the  layers  of  gauze,  twenty  or  thirty 
or  more  tablets  may  be  used  ;  every  pocket  of  the 
cavity  must  be  filled  with  gauze  and  tablets  ;  through 
the  middle  of  the  cavity  a  large  drainage-tube  is 
passed. 

The  salt  tablets  should  not  be  placed  in  contact 
with  the  wound,  gauze  should  always  be  interposed. 
The  wound  is  covered  with  a  thick  layer  of  gauze  and 
wool  and  a  splint  applied.  The  advantage  of  treat- 
ing the  wound  in  this  way  is  that  the  wound  will  not 
require  redressing  for  at  least  twenty-four  hours. 
This  is  a  very  great  advantage ;  the  patient  can  be 
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transferred  to  the  base  without  the  risk  of  con- 
tamination of  the  wound  by  dressings  applied  under 
unfavourable  conditions. 

The  treatment  may  be  modified  by  adding  the 
powder  Eupad  to  the  gauze  packing. 

The  antiseptic  method  is  used  by  the  majority  of 
surgeons.  The  wound  is  irrigated  with  peroxide  of 
hydrogen  or  dilute  antiseptic  solution  and  a  drainage- 
tube  inserted.  The  wound  requires  frequent  dressing 
during  transport  when  treated  by  the  antiseptic 
method.  Wet  dressings  should  be  applied.  Owing 
to  the  liability  of  infection  during  transport,  when 
the  wound  must  be  dressed  under  unfavourable 
conditions,  gauze,  moistened  with  weak  antiseptic 
solution,  carbolic  lotion  1  in  50,  or  perchloride  of 
mercury  1  in  2000  is  probably  the  safest  dressing. 

When  drainage-tubes  are  used  large  fenestrated 
tubes  should  be  employed,  it  is  important  to  avoid 
placing  the  tubes  in  contact  with  or  near  to  the  great 
vessels.  It  is  usually  advisable  to  avoid  passing  the 
tube  between  the  fractured  ends  of  the  bones.  It 
has  been  found  that  when  this  is  done  necrosis  is 
more  likely  to  occur.  However,  in  some  cases 
with  great  destruction  of  bone  and  a  large  interval 
between  the  bone  ends,  the  question  of  drainage  is 
all  important  and  the  future  continuity  of  the  bone 
will  be  unlikely  to  be  affected  by  the  tube  during 
the  early  stages  of  treatment. 

Some  help  in  forming  a  decision  as  to  the  most 
suitable  treatment  to  be  adopted  in  the  treatment 
of  this  fracture  may  be  obtained  by  considering  the 
causation  of  some  of  the  most  formidable  complica- 
tions which  are  likely  to  arise. 

Gas  gangrene,  severe  sepsis  and  tetanus  are  com- 
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?nt  dressing 

Private  S—  -  wounded  April  24.  Admitted  to  base  hospital  April  27. 
Large  lacerated  wound  on  the  outer  side  of  thigh  and  fractured  femur. 
The  patient  was  transferred  to  the  base  on  a  long  Liston  splint,  the 
wound  being  dressed  en  tovAe,  with  cyanide  gauze  soaked  in  carbolic 
lotion.  Under  an  anaesthetic  the  woundi  was  enlarged,  and  the  shell 
fragments  removed.  A  counter  drain  wa«  made  posteriorly,  aud  the 
wound  irrigated  continuously  with  hydrogen  peroxide.  A  Thomas 
splint  V.-MS  applied.  The  patient  was  transferred  to  England  three 
weeks  later  the  wound  being  clean  and  the  temperature  and  pulse 
being  .normal.  This  case  illustrates  the  severe  comminution  which 
occurs  without  conspicuous  overlapping  of  the  fragments  or  deformity. 
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plications  which  are  likely  to  arise  in  cases  in  which 
a  primary  cleansing  operation  has  been  delayed. 
Cloth  and  shell  fragments  remaining  for  days  in  the 
wound  are  fertile  sources  of  these  complications. 
Insufficient  incisions  and  small  drainage  operation, 
inefficient  attempts  at  drainage  with  tubes  and 
gauze  plugs,  which  do  not  drain  but  only  act  as 
corks  damming  back  the  discharge,  are  causes 
of  anaerobic  infection  and  sepsis  which  can  be 
avoided. 

Shock  may  play  an  important  part  in  producing 
a  fatal  result  from  this  injury  and  is  particularly 
marked  in  fractures  of  the  upper  end  of  the  shaft. 
The  manipulation  of  the  injured  limb  necessary  for 
the  application  of  a  splint  and  obtaining  alignment 
and  extension  of  the  limb  must  be  regarded  as 
equivalent  to  that  of  a  severe  operation.  Should 
a  temporary  splint  be  applied  after  an  exploratory 
operation  at  a  clearing  station,  and  the  patient 
transferred  to  a  base  hospital,  the  application  of  a 
Thomas  splint  at  the  base  will  entail  another 
anaesthetic,  and  all  the  bad  effects  of  a  second 
operation.  Shock  may  be  avoided  to  a  great 
extent  by  applying  an  adequate  splint  at  the  first 
opportunity. 

The  Choice  of  Splints.  For  use  in  emergencies  the 
long  Listen  splint,  as  already  described,  may  be  used. 
After  the  drainage  operation,  some  form  of  fixation 
which  provides  adequate  extension  is  necessary. 
The  "  long  Liston  "  is  quite  unsuitable  for  transport 
purposes  after  operation.  The  perineal  band  has 
been  found  to  cause  swelling  of  the  thigh  and 
the  pressure  to  favour  the  extension  of  anaerobic 
infections.  This  splint  does  not  provide  sufficient 
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immobility  of  the  fragments,  and  can  only  be  con- 
sidered of  use  as  a  temporary  splint. 

Hodgens  splint  gives  excellent  results.  The  ex- 
tension is  sufficient,  the  wound  can  be  dressed 
with  ease,  and  particularly  if  used  in  conjunction 
with  a  Balkan  splint,  the  nursing  of  the  patient  is 
simplified.  Unfortunately  the  splint  is  unsuitable 
for  transport  purposes.  The  splint  most  generally 
applicable  is  the  Thomas  knee  splint  advised  by 
Mr.  Robert  Jones.  It  has  been  found  possible,  in  a 
measure,  to  combine  the  early  advantages  of  ease  of 
application,  simplicity,  and  standard  pattern  found 
in  the  Thomas  splint,  with  the  efficient  extension, 
comfort  and  ease  of  nursing  appertaining  to  the 
Hodgens  splint,  by  slinging  the  Thomas  splint  to  an 
upright  fixed  at  the  foot  of  the  bed  or  to  the  "  rafter  " 
of  a  hut.  A  bed  placed  opposite  a  tent  pole  in  a 
marquee  requires  no  other  apparatus  than  a  cord 
passed  from  the  pole  to  the  foot  of  the  Thomas 
splint.  The  great  objection  to  the  Thomas  splint, 
the  pressure  of  the  ring,  is  avoided  by  this  modifica- 
tion. 

In  order  to  maintain  continuous  extension,  in 
some  cases  rubber  has  been  interposed  between  the 
extension  strapping  and  the  transverse  bar. 

The  following  is  Major  Robert  Jones'  account  of 
+he  application  of  splints  in  cases  of  fractured  femur 
(British  MedicalJournal,  January  16,  1915) : 

Fractures  through  the  hip- joint  and  those  just  below  the 
trochanter  are  best  treated  by  a  modification  of  the  Thomas 
splint,  which  I  have  described  as  an  "  abduction  frame."  It 
is  a  splint  upon  which  the  patient  lies  and  can  be  carried.  Ex- 
tension is  easily  maintained  and  applied,  and  need  not  be  re- 
laxed for  any  purpose.  The  patient  is  placed  upon  this  splint, 
and  any  displacement  should  be  overcome  by  immediate  exten- 
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sion  in  the  abducted  plane.  The  limb  should  be  rotated  inwards 
slightly  until  the  foot  is  at  right  angles  to  the  table  and  be  fixed  in 
this  position  on  the  frame.  It  will  be  seen  by  the  illustration  that 
both  limbs  are  controlled  and  that  extension  is  secured  by 
strapping  on  the  injured  limb  with  counter  extension  by  means 
of  a  smooth  leather  groin  strap  on  the  opposite  side  of  the  pelvis. 
This  groin  strap  should  not  be  slackened  by  the  nurse  under 
any  pretext,  but  in  order  to  avoid  pressure  sores  she  should  be 
instructed  to  alter  the  area  of  akin  over  the  adductors,  which  is 
subjected  to  pressure,  by  moving  it  to  and  fro.  This  method 
of  "  fixed  extension  "  in  abduction  secures  the  lower  limb  in 
relation  to  the  pelvis  in  a  manner  which  can  never  be  satis- 
factorily achieved  by  weight  and  pulley,  where  reliance  is  placed 
on  the  weight  of  the  body  for  counter  extension.  It  is  by  reflex 
nervous  impulses,  induced  by  changes  of  tension  in  the  muscle, 
that  muscular  spasm  is  produced.  A  patient  lying  in  bed  with 
a  fractured  femur — high  up  or  low  in  the  shaft — cannot  avoid 
constantly  changing  the  state  of  tension  of  the  muscles  of  his 
thigh  if  a  weight  and  pulley  are  attached  to  his  limb.  The 
counterpoise  is  the  weight  of  his  body.  Every  time  he  tries  to 
shift  the  position  of  his  shoulders  by  digging  his  elbows  into  the 
bed  he  alters  the  tension  of  his  muscles,  calling  forth  a  reflex 
spasm.  When  he  falls  asleep  and  his  muscles  relax,  when  he 
moves  in  his  sleep,  when  he  is  lifted  upon  a  bedpan  or  moved 
slightly  by  the  nurses  to  have  his  bed  put  straight,  there  is 
apt  to  recur  this  reflex  contraction  due  to  sudden  change  in 
tension. 

The  long  Listen  splint,  which  is  much  in  use,  is  quite  un- 
suitable for  fractures  of  the  upper  thigh.  It  does  not  permit 
abduction,  but  maintains  the  limb  in  line  with  the  trunk — a 
position  which  must  result  in  angular  union.  Furthermore,  as 
the  splint  extends  to  the  axilla,  any  movement  of  the  trunk 
involves  movement  of  the  limb,  and  attention  to  the  secretions 
disturbs  the  fracture.  Both  the  Liston  and  the  ordinary  weight 
and  pulley  are  ill  suited  for  any  form  of  fracture  with  suppura- 
tion, where  good  alignment,  comfort  and  ease  of  transport  are 
desired. 

The  patient  who  lies  on  an  "  abduction  frame  "  can  be  lifted 
and  moved  without  pain,  without  disturbing  the  fracture  or 
relaxing  the  extension,  and  the  dressing  can  be  changed  without 
interfering  with  the  mechanism  of  fixation.  If  the  wound  is 
through  the  buttock  and  the  discharge  takes  place  there,  the 
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splint  can  be  modified  as  shown  in  the  illustration.     The  abduc- 
tion frame  can  be  applied  in  a  few  minutes. 

Upper  Middle  and  Lower  Thigh.  For  all  other  fractures  of  the 
thigh,  the  Thomas  knee  splint  is  incomparably  the  simplest 
and  best.  I  have  often  fixed  a  fractured  thigh  in  this  splint, 
and  sent  the  patient  home  in  a  cab.  By  reason  of  its  construc- 
tion, it  automatically  secures  a  correct  alignment,  as  any  surgeon 
with  a  mechanical  mind  can  see  if  he  examines  the  illustration. 
I  am  in  the  habit  of  using  this  splint  for  the  treatment  of  all 
fractures  of  the  middle  and  lower  third  of  the  thigh,  fractures 
through  the  knee-joint,  and  fractures  through  the  upper  and 
upper  middle  portion  of  the  leg. 

The  application  of  the  Thomas  knee  splint  is  quite  easy. 
Strapping  of  adhesive  plaster  is  applied  in  the  usual  way  to  the 
sides  of  the  limb.  At  the  lower  end  of  the  extension  strapping 
there  is  a  loop  of  webbing  to  which  is  attached  a  length  of  strong 
bandage.  The  ring  of  the  splint  is  passed  over  the  foot  and  up 
to  the  groin  till  it  is  firmly  against  the  tuber  ischii.  The  exten- 
sions are  then  pulled  tight,  the  ends  turned  round  each  side 
bar  and  tied  together  over  the  bottom  end  of  the  splint,  which 
should  project  six  or  eight  inches  beyond  the  foot.  Care  must 
be  taken  to  avoid  internal  or  external  rotation  of  the  limb,  the 
foot  being  kept  at  right  angles.  Local  splints  can  then  be  em- 
ployed, and  are  made  of  block  tin  or  sheet  iron.  They  can  be 
moulded  by  the  hand  to  fit  the  limb,  and  yet,  being  gutter-shaped, 
they  are  rigid  longitudinally.  They  can  be  disinfected  by  fire 
or  water.  A  couple  of  transverse  bandage  slings  suspend  the 
limb  from  the  side  bars  of  the  knee  splint.  A  straight  splint  is 
placed  behind  the  suspensory  bandages  of  the  thigh  and  knee. 
On  the  front  of  the  thigh  another  sheet  iron  splint  is  applied, 
and  the  femur  is  thus  kept  rigid.  The  alignment  from  the  hip- 
joint  to  the  ankle  is  perfect,  being  dependent  on  a  straight  pull. 
This  splint  allows  the  patient  to  raise  his  shoulders,  or  even  sit 
in  bed.  His  other  leg  can  be  moved  freely  without  altering  the 
tension  on  his  thigh  muscles,  and  there  is  no  reflex  spasm.  Even 
if  the  muscles  try  to  contract  they  cannot,  for  the  ring  of  the 
splint  is  firm  against  the  tuber  ischii.  The  muscles  therefore 
do  not  remain  on  the  alert  but  become  quiescent,  and  starting 
pains  do  not  occur.  Such  is  the  difference  between  "  fixed  " 
and  "  intermittent  "  extension. 

SfPIn  using  this  splint  a  little  attention  is  necessary  to  prevent 
soreness  of  the  perineum.     The  ring  of  the  splint,  being  covered 
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with  smooth  basil  leather,  can  easily  be  kept  clean,  so  can  the 
skin.  The  nurse  should  also  several  times  a  day  press  down  the 
skin  of  the  buttock,  and  draw  a  fresh  part  of  the  skin  under  the 
splint.  To  change  the  point  of  pressure  over  the  perineum  the 
limb  can  be  elevated  or  abducted.  The  dressings  can  be  applied 
without  in  any  way  interfering  with  the  work  of  the  splint. 
When  the  fracture  has  occurred  through  the  knee  or  upper  tibia 
the  splint  is  applied  in  the  same  way. 

It  has  often  been  a  matter  of  astonishment  to  me  that  so 
simple  and  effective  a  splint  has  not  been  universally  employed. 
It  can  be  applied  in  a  few  minutes,  usually  without  an  anaesthetic, 


FIG.  21.  The  Boulogne  box  splint  for  the  transport  of 
cases  of  fracture  of  the  femur.  The  floor  is  cut  away  in 
two  places,  in  one  for  the  use  of  the  bed  pan,  in  the  other 
at  the  back  of  the  right  thigh  for  dressing  and  drainage  pur- 
poses. The  splint  is  comfortable  but  too  wide.  It  is  very 
inferior  to  the  Robert  Jones  abduction  frame,  but  is  a  useful 
makeshift. 


and  one  is  always  sure  of  good  length  and  good  alignment.  The 
fractured  limb  can  be  moved  in  any  direction  without  giving 
pain,  so  that  transport  is  easy  and  safe.  I  have  never  yet  had 
to  plate  or  wire  a  femur  in  a  recent  case,  and  this  I  ascribe  to 
using  the  Thomas  splint. 

Leg.  Fractures  of  the  lower  portion  of  the  tibia  or  fibula, 
and  fractures  through  the  ankle-joint,  I  treat  in  a  skeleton  splint, 
such  as  I  have  illustrated.  It  allows  of  easy  access  to  the  wound, 
and  can  without  difficulty  be  modified  to  suit  a  special  case. 
Fortunately,  in  gunshot  wounds,  the  spiral  fracture  is  rare,  and, 
generally  speaking,  one  bone  remains  unbroken.  The  treatment, 
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therefore,  of  fractures  of  the  leg  does  not  present  so  much  diffi- 
culty as  that  of  the  thigh.  For  transport,  however,  and  for 
general  comfort,  the  splint  should  immobilize  the  knee. 

FRACTURES  OF  THE  UPPER  LIMB 

Arm.  Fractures  through  the  shoulder- joint  and  through  the 
surgical  neck  of  the  humerus  require  no  splints.  The  elbow 
should  be  slung  at  right  angles  and  fixed  by  a  broad  bandage 
to  the  side.  The  dressings  would  probably  replace  the  usual 
pad  in  the  axilla,  which  should  never  be  bulky.  Shoulder  shields 


FIG.  22.  Thomas  splint  for  fracture  of  the  humerus.  The 
extension  strapping  is  applied  to  the  lateral  borders  of  the 
forearm  to  allow  movement  of  the  hand.  The  supporting 
cord  is  attached  to  a  ring  in  the  wall  or  a  special  upright. 
The  tension  of  this  cord  determines  the  extension  and  exer- 
cises an  effect  similar  to  the  suspending  cords  of  the  Hodgens 
splint.  Pressure  on  the  axilla  will  be  obviated  by  increasing 
the  pull  of  the  suspension  cord.  Here,  as  in  the  case  of  the 
femur,  the  limb  at  the  site  of  fracture  may  be  supported  by 
placing  a  plate  of  perforated  zinc  below  the  arm.  The  zinc  is 
retained  in  position  by  bending  the  edges  of  the  plate  over 
the  lateral  bars  of  the  splint.  The  disadvantage  of  this 
splint  is  that  the  patient  must  remain  in  bed. 

are  unnecessary  and  cumbrous.  The  patient,  where  practicable, 
should  be  treated  in  the  upright  position,  and  should  have  his 
head  and  shoulders  well  propped  at  night. 

Where  ankylosis  is  to  be  expected  after  a  bad  smash  and  sup- 
puration of  the  shoulder,  and  opportunity  is  afforded  for  con- 
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•vatment,  the  arm  should  be  kept  abducted  slightly 

ward,  and  slightly  rotated  inwards.     This  assures  a  rm; 

extended  range  of  movement  at  a  more  useful  radius,  such  range 

of  movement  being  brought  about  by  the  action  of  the  scapula. 

:*ed  not  be  adopted  if  the  patient  has  to  be  trans - 

ted,  as  it  can  be  established  after  the  arrival  home.     Fractures 

through  the  elbow  or  immediately  above  the  condyles  are  best 

:ted  without  splints.     If  possible,  the  arm  should  be  kept 

^:ed  well  above  a  right  angle.     Suppurating  cases  in  the  adult 

will  not  admit  of  the  very  acute  flexion  which  we  insist  upon 

in  the  case  of  children.     If,  foPl^iardBreason,  a  splint  has  to  be 

.  applied,  th^;fti;^^^0teA»tV&Mfe  ^fr^MPk-iiM  voided> 
.use  it  iPWgPPff0  *RACTT  ^<  or<   HI  MERITS   and  a 

A  bullet  traversed  the  arm,  inflicting  entrance  and  exit  wounds,  and 
severely  comminuting  the  humerus.  The  plate  shows  a  .  drainage- 
tube  passed  down  to  the  site  of  the  fracture.  The  wounds  were  enlarged 
and  a  dependent  draining  incision  was  made  posteriorly.  A  Thomas 
splint  was  applied,  and  the  wound  treated  by  continuous  irrigation  of 
hydrogen  peroxide.  The  sepsis,  which  was  very  severe,  rapidly 
diminished  and  the  patient  left  hospital  with  the  wounds  practically 

healed. 
operation  a  splint  giving  immobility  and  extension. 

A  modified  Thomas  knee  splint  for  the  arm  and 
a  humerus  extension  splint  have  given  good  results — 
A  Thomas  knee  splint  requires  that  the  arm  be  ab- 
dud  he  ring  be  taken 

off  re  less   suitable   for 

humerus  splint 
found  useful  in  some  e; 
u  which  the  musculo-spiral  nerve  is  involved 
are  suitable  for  direct  fixation  by  wiring  or  plating, 
provided    the  ^suppuration^  is    not    of^  a    severe 
type. 

Major  Robert  Jones'  treatment  has  been  followed 

jmerous  cases  with  good  results,  but  in  some 

e  patients  have  been  unable  to  bear  the 

pressure  of  the  leather  covered  ring,  and  a  triangular 

humerus  splint  has  been  substituted. 
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tinuous  treatment,  the  arm  should  be  kept  abducted  slightly 
forward,  and  slightly  rotated  inwards.  This  assures  a  much 
extended  range  of  movement  at  a  more  useful  radius,  such  range 
of  movement  being  brought  about  by  the  action  of  the  scapula. 
This  position  need  not  be  adopted  if  the  patient  has  to  be  trans- 
ported, as  it  can  be  established  after  the  arrival  home.  Fractures 
through  the  elbow  or  immediately  above  the  condyles  are  best 
treated  without  splints.  If  possible,  the  arm  should  be  kept 
flexed  well  above  a  right  angle.  Suppurating  cases  in  the  adult 
will  not  admit  of  the  very  acute  flexion  which  we  insist  upon 
in  the  case  of  children.  If,  for  a  rare  reason,  a  splint  has  to  be 
applied,  the  internal  wooden  angular  splint  must  be  avoided, 
because  it  is  always  clumsy  and  often  causes  deformity,  and  a 
splint  as  illustrated  used. 

Fracture  of  the  Humerus.  The  remarks  applied 
to  the  treatment  of  the  wound  in  cases  of  fracture 
of  the  femur  are  applicable  to  fracture  of  the 
humerus.  An  internal  angular  splint  may  be  applied 
as  a  temporary  measure,  but  after  the  cleansing 
operation  a  splint  giving  immobility  and  extension. 
A  modified  Thomas  knee  splint  for  the  arm  and 
a  humerus  extension  splint  have  given  good  results — 
A  Thomas  knee  splint  requires  that  the  arm  be  ab- 
ducted in  order  that  the  pressure  of  the  ring  be  taken 
off  the  axilla  and  is  therefore  less  suitable  for 
transport  purposes.  A  triangular  humerus  splint 
has  been  found  useful  in  some  cases. 

Cases  in  which  the  musculo-spiral  nerve  is  involved 
are  suitable  for  direct  fixation  by  wiring  or  plating, 
provided  the  [suppuration^  is  not  of  a  severe 
type.  i*$ 

Major  Robert  Jones'  treatment  has  been  followed 
in  numerous  cases  with  good  results,  but  in  some 
cases  the  patients  have  been  unable  to  bear  the 
pressure  of  the  leather  covered  ring,  and  a  triangular 
humerus  splint  has  been  substituted. 
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Fracture  of  Tibia  and  Fibula.  Severe  comminu- 
tion of  the  leg  bones  has  been  a  common  experience. 
A  dependent  drainage  through  the  back  of  the  limb 


FIG.  23.     The  humerus  triangle.     This  splint  is  one  of  the 

most  useful  splints  for  the  treatment  of  fractures  of  the  arm 

and  forearm. 

is  essential  in  septic  cases.  The  results  have  been 
greatly  superior  when  this  drainage  incision  has 
been  made  than  when  a  tube  has  been  passed  across 
the  limb. 
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A  Thomas  splint  gives  excellent  extension  and 
support,  and  the  use  of  the  same  splint  for  the  thigh 
and  leg  is  an  advantage  in  that  the  multiplicity  of 
splints  is  avoided. 

Transport  is  simplified  by  the  use  of  this  splint 
and  the  earlier  it  is  applied  the  better.  The  limb 
should  be  slung  and  constant  irrigation  is  easily 
applied  in  this  position. 

The  ordinary  back  splint  and  foot-piece  is  a  mere 
temporary  splint,  it  provides  no  extension,  the 
vertical  foot-piece  places  the  foot  in  a  bad  position, 
dependent  drainage  cannot  be  employed  and  the 
limb  cannot  be  slung. 

In  order  to  prevent  sagging  of  the  limb  at  the 
point  of  fracture,  it  is  sometimes  desirable  to  place 
a  sheet  of  perforated  zinc  along  the  back  of  the 
leg  next  the  skin.  The  zinc  may  be  fixed  in  position 
by  turning  the  edges  of  the  plate  round  the  side 
wires  of  the  Thomas  splint. 

The  following  case  by  D.  G.  Greenfield  illustrates 
the  treatment  of  a  difficult  case  of  gunshot  fracture 
of  the  tibia  and  fibula  and  the  judgment  required 
when  the  limb  is  threatened  with  gangrene  : 

Private  J.  C. : 

Sept.  16. — Wounded  left  leg  by  rifle  shot  at  close  range. 

Sept.  17. — Two  lateral  incisions,  four  inches  long,  made  at 
clearing  hospital,  four  drainage-tubes  inserted.  Compound 
fracture  of  both  fibula  and  tibia  found.  Back  and  side  splints 
applied. 

Sept.  20. — Admitted  to  a  base  hospital.  Left  leg  very  swollen 
and  extremely  painful.  Much  foul-smelling  discharge.  Two 
four-inch  incisions  laterally  with  two  large  drainage-tubes  in 
each.  Wound  surface  very  sloughy  with  a  good  deal  of  hernia- 
tion  of  muscles.  Syringed  frequently  with  eusol  and  saline. 

Sept.  21. — Temperature  101-2  .  Leg  much  more  swollen. 
There  is  a  cloudy  blue  discoloration  of  leg  particularly  above 
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the  ankle,  and  another  tongue-shaped  area  running  upward 
near  the  patella.  No  pulsation  can  be  felt  in  foot.  The  skin  is 
cold  to  touch*  is  hard  on  pressure  and  painful,  but  does  not  pit. 
There  are  no  blebs.  The  discharge  is  very  offensive.  The 
patient's  condition  however  is  fairly  good.  Gangrene  seems 
threatening,  but  the  blue  patches  have  no  very  distinct  border 


FIG.  24.  Compound  fracture  of  the  tibia  and  fibula.  The 
Thomas  splint  is  supported  by  a  bracket  in  order  to  suspend 
the  leg.  Continuous  irrigation  apparatus  and  bandage  drains 


are  in  use. 


and  the  tongue-shaped  patch  near  the  knee  has  no  whitish  area 
next  it,  which  is  frequently  such  in  gangrene.  On  pressure  over 
the  blue  areas,  they  become  white  and  then  slowly  blue  again 
when  pressure  is  taken  off,  showing  some  slight  circulation.  On 
these  grounds  it  is  decided  to  remove  the  drainage-tubes  and  to 
incise  the  calf  for  the  relief  of  pressure  and  to  wait.  A  general 
anaesthetic  is  given — tubes  removed,  compound  fractures  of 
both  bones  are  found  with  considerable  comminution  of  tibia. 
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PLATE  10.     COMPOUND  FRACTURE  or  ULNA 
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.nlc  at  the  back  of  the  calf,  and  two  pieces  of 

•  %  a<  tage  inserted  to  the  f  r  •  •  through 

A  small  tube,  leading  to  the  middle  of  the 

.rrigation  of  5  per  cent,  saline  and  eusol,  and 

;  id  ages  from  the  wound  are  inserted  into  a  bowl  of  10  per 

ilme  for  suction.      The  leg  is  put  up  on  a  Thomas  splint, 

\  ing  to  the  swelling  and  poor  circulation,  no  extension  can 

be  applied  (see  Fig.  24).    The  blue  patch  near  the  patella  is 

outlined  in  ink  to  judge  of  any  future  spreading  of  area.     Multiple 

incisions  deepening  to  draw  blood  will  save  such  areas. 

Sept.  23. — Discoloration  has  not  spread.  Frequent  inspection 
has  been  made  during  day  and  night.  Leg  is  no  worse,  feels  cold, 
but  feet  are  warm.  Less  smell  fftiiTiisdfiarge. 

COMPOL-XD  FRACTURE  OF  ULNA     ,„  o{ 

A  bullet  has  been  removed,  the  entrance  wound  enlarged,  and  a 
counter  opening  providing  dependent  drainage  made.  A  drainage-tube 
can  be  seen  passing  through  the  limb,  hut  not  passing  between  the  bone 
fragments.  The  limb  v/a3VI9MMdl%jpiW^ftdMl  TfiMMPlsptint  in 
the  3U#ine>$ositedHls  renewed.  Leg 

sufficiently  recovered  lot  :  to  be  put  on  and 

replaced  on  Thomas  splint. 
Sept.  29. — Doing  well. 
Oct.  29. — Leg  put  on  skeleton  splint  to  allow  of  dressing  of  two 

lateral  wounds,  now  very   small  but  still  draining  pus,  and 

patient  can  go  on  crutches. 

Fractures  of  ft*  Forearm,     The  treatment  of  the 

taw?.  t  drain  wii 

MI  st-pti'  in  bath 

frequently  be  a  valuable  aid  to  treatment. 
Splints.     A  small  Thomas  knee  splint  is  usually 
applicable  as  in  the  case  of  fracture  of  the  hume: 
a  alternative  splint  when  an  arm  bath  is  is 
or  the  patient  is  able  to  walk,  an  interval  ang 
splint  may  be  used.     Massage  and  passive  movement 
id  be  begun  early.     Locking  of  th  in 

pronation  can  be  avoided  by  placing  the  limb  in  the 
supine  position  or  by  massage  movement  alternaf 
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An  incision  is  made  at  the  back  of  the  calf,  and  two  pieces  of 
three-inch  bandage  inserted  to  the  fracture  and  the  same  through 
the  lateral  incision.  A  small  tube,  leading  to  the  middle  of  the 
leg,  leads  a  constant  irrigation  of  5  per  cent,  saline  and  eusol,  and 
the  bandages  from  the  wound  are  inserted  into  a  bowl  of  10  per 
cent,  saline  for  suction.  The  leg  is  put  up  on  a  Thomas  splint, 
but  owing  to  the  swelling  and  poor  circulation,  no  extension  can 
be  applied  (see  Fig.  24).  The  blue  patch  near  the  patella  is 
outlined  in  ink  to  judge  of  any  future  spreading  of  area.  Multiple 
incisions  deepening  to  draw  blood  will  save  such  areas. 

Sept.  23. — Discoloration  has  not  spread.  Frequent  inspection 
has  been  made  during  day  and  night.  Leg  is  no  worse,  feels  cold, 
but  feet  are  warm.  Less  smell  from  discharge. 

Sept.  24. — Blueness  less  marked,  swelling  less. 

Sept.  26. — Much  improved.  Temperature  99.  Herniation  of 
muscles  has  disappeared.  Skin  becoming  supple.  Discharge 
slight,  no  smell. 

Sept.  27. — Temperature  normal.  Swelling  almost  gone.  There 
has  been  some  slight  haemorrhage  during  the  night.  General 
anaesthetic,  wounds  cleaned,  bandage  drains  renewed.  Leg 
sufficiently  recovered  for  extension  strapping  to  be  put  on  and 
replaced  on  Thomas  splint. 

Sept.  29. — Doing  well. 

Oct.  29. — Leg  put  on  skeleton  splint  to  allow  of  dressing  of  two 
lateral  wounds,  now  very  small  but  still  draining  pus,  and 
patient  can  go  on  orutches. 

Fractures  of  the  Forearm.  The  treatment  of  the 
wound.  A  dependent  drain  will  usually  be  found 
to  be  advantageous  in  septic  cases.  An  arm  bath 
will  frequently  be  a  valuable  aid  to  treatment. 

Splints.  A  small  Thomas  knee  splint  is  usually 
applicable  as  in  the  case  of  fracture  of  the  humerus. 
As  an  alternative  splint  when  an  arm  bath  is  used 
or  the  patient  is  able  to  walk,  an  interval  angular 
splint  may  be  used.  Massage  and  passive  movement 
should  be  begun  early.  Locking  of  the  bones  in 
pronation  can  be  avoided  by  placing  the  limb  in  the 
supine  position  or  by  massage  movement  alternating 
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the  position  of  the  limb  between  the  prone  and  supine 
position. 

Capt.  Max  Page  described  a  valuable  splint : 

The  Flexed  Arm  Splint.  This  splint  is  adapted  for  the 
treatment  of  fractures  of  the  lower  two-thirds  of  the  humerus, 
injuries  of  the  elbow  and  fractures  of  the  forearm. 

It  is  made  from  one  full-length  piece  of  aluminium,  and  is 
completed  by  a  short  piece. 

This  type  is  suitable  for  either  side,  and  for  any  fracture  below 
the  upper  third  of  the  humerus. 

The  projection  beyond  the  hand  is  only  wanted  for  applying 
extension  in  forearm  cases. 

The  shoulder  arch  of  the  splint  may  be  padded  by  slipping  a 
stout  piece  of  rubber  tubing  over  it.  Rubber  tubing  covers  in 
the  same  way  the  axillary  strap,  which  is  attached  to  two  rings 
made  of  aluminium  ribbon.  This  strap  bears  on  the  two  axillary 
folds,  and  exerts  no  pressure  on  the  vessels. 

The  pad  for  the  hand  is  fixed  to  the  upper  limb  of  the  splint 
if  it  is  desired  to  put  the  arm  up  in  supination,  to  the  lower  if  in 
the  prone  position. 

For  fractures  of  the  humerus  long  axis  extension  is  obtained 
as  follows  :  After  the  shoulder  piece  has  been  strapped  in  place 
the  hand  is  fixed  to  its  pad,  traction  just  below  the  elbow  to  the 
lower  band  of  the  splint  is  made  by  a  belt  of  webbing  or  elastic  ; 
a  short  length  of  Martin's  bandage  is  useful. — B.M.J.,  May  15, 
1915. 

Compound  Fractures  of  the  Wrist.  Fractures  in- 
volving the  wrist  require  treatment  in  the  dorsi  flexed 
position  in  order  that  the  grasping  power  of  the 
hand  may  be  maintained.  The  dorsi  flexion  should 
not  be  so  extreme  as  shown  in  the  illustration  or 
overstretching  of  the  flexion  muscles  may  occur. 

Compound  Fractures  of  the  Hand.  In  the  majority 
of  cases,  no  special  splinting  is  required  and  the 
wounds  usually  rapidly  become  clean  by  the  use  of 
bath  treatment.  The  use  of  saline  baths  of  gradu- 
ated heat  is  a  valuable  treatment.  The  temperature 
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FIG.  25.      Modified  Thomas  splint  used  by  Major  Robert 
Jones  in  cases  of  fracture  of  the  humerus. 


144  SURGERY  IN  WAR 

of  the  bath  is  gradually  raised  until  it  is  far  hotter 
than  could  otherwise  be  tolerated  but  the  gradual 
rise  of  temperature  enables  the  patient  to  bear  the 
heat.  The  blood-supply  of  the  hand  is  multiplied 


FIG.  26.    Aluminium   splint   used  in  cases  of  injury  to 
the  wrist. 

and  sepsis  becomes  easily  dealt  with.  Hey  Groves 
described  a  special  hand  splint  which  consists  of  a 
circular  metal  band  which  encircles  the  outstretched 
digits.  Five  springs  attached  to  the  hand  are  con- 
nected with  the  fingers,  thus  providing  extension. 
The  splint  can  be  improvised  by  screwing  a  circle  of 
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aluminium  on  to  an  ordinary  arm  splint  and  provid- 
ing extension  by  rubber  tubing  fixed  to  the  fingers 
by  strapping  and  stretched  to  give  the  required 
extension  before  lashing  it  to  the  aluminium  hoop. 

In  cases  presenting  much  deformity  some  such 
treatment  is  desirable  in  order  to  prevent  the 
hopeless  stiffness  and  deformity  which  will  otherwise 
follow.  Massage  and  early  movement  of  the  joints 
will  improve  the  condition  of  the  hand  and  it  is 
imperative  if  stiffness  is  to  be  avoided. 

Gunshot  Fracture  of  the  Jaw.  All  the  arguments 
advanced  against  open  operation  upon  septic  fracture 
of  the  long  bones  apply  with  increased  force  against 
operation  on  the  lower  jaw.  The  experience  of 
wiring  and  plating  operations  upon  the  jaw  in  peace 
are  not  encouraging.  In  war  all  the  disadvantages  of 
peace  operations  upon  this  fracture  are  present  with, 
in  addition,  a  septic  gunshot  wound  and  usually 
extensive  comminution. 

The  surgeon  must  rely  upon  external  support 
during  the  early  stages  of  the  fracture,  and  dental 
splints  during  the  later  stages. 

A  well  applied  bandage  will  give  the  patient  as 
much  comfort  as  the  majority  of  splints. 

In  some  cases  with  great  deformity  the  surgeon 
may  be  driven  to  an  operation.  The  metal  support, 
whether  a  plate  or  a  wire,  can  only  be  regarded  as 
a  temporary  measure.  Pain  will  be  relieved  and 
union  may  occur  before  the  splint  is  removed.  A 
wire  is  not  easy  to  apply  to  the  simplest  case  of  frac- 
ture of  the  jaw,  and  much  manipulation  and  dis- 
turbance of  the  tissues  is  saved  by  applying  a  plate 
to  the  outer  surface  or  lower  border. 
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CHAPTER  VII 
GANGRENE 

GANGRENE  of  a  limb  may  be  due  to  several  causes, 
causes  which  produce  distinct  and  separate  forms 
of  gangrene.  Injury  to  main  blood-vessels  may 
produce  simple  gangrene  of  either  the  moist  or  dry 
variety  and  such  gangrene  is  usually  more  or  less 
localized  to  a  distal  portion  of  the  limb.  The  most 
important  form  of  gangrene  in  war,  gaseous  gan- 
grene or  gaseous  cellulitis,  must  not  be  confused  with 
gangrene  due  to  interference  with  the  blood-supply, 
although  the  latter  may  be  present  in  the  same  case. 
Gaseous  gangrene  is  an  acute  infection  due  to  the 
bacillus  of  malignant  oedema,  the  bacillus  aerogenes 
capsulatus  or  bacillus  perfringens.  The  white  form 
of  gangrene  is  probably  an  acute  streptococcal 
infection.  The  actual  cause  of  gas  gangrene  is 
the  presence  in  the  wound  of  the  pathogenic  organ- 
isms. The  infection  is  carried  into  the  wound  by 
the  missile  which  inflicts  the  wound  and  is  therefore 
a  primary  and  deep  infection. 

Once  the  wound  is  infected,  the  occurrence 
of  gangrene  is  favoured  by  several  conditions : 
(1)  delay  in  cleansing  the  wound  and  removing  the 
foreign  body  ;  (2)  excessive  damage  to  the  tissues 
and  the  presence  of  necrosed  tissue  and  blood- 
clot  ;  (3)  extensive  comminution  of  bone  ;  (4)  inter- 
ne 
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ference  with  the  blood-supply ;   (5)  the  presence  of 
sepsis. 

The  means  of  preventing  gas  gangrene  will  be 
gathered  from  its  causation.  An  early  cleansing  and 
drainage  operation,  and  removal  of  missiles,  search- 
ing examination  for  concealed  septic  pieces  of  clothing 
and  the  efficient  drainage  of  wounds  are  the  primary 
means  of  its  prevention.  The  enlargement  of  ap- 
parently clean  wounds  in  cases  of  fracture  of  large 
pipe  bones  is  advisable. 

The  interference  with  the  circulation  will  be 
obviated  by  avoiding  the  use  of  tourniquets  and 
tight  bandages  and  by  efficient  splinting  which 
corrects  the  deformity  of  fractures.  The  use  of 
strong  antiseptics  is  to  be  deprecated  and  weak 
antiseptics  will  have  no  effect  upon  the  resistant 
organisms. 

Methods  of  treatment  that  depend  upon  agents 
which  will  seal  up  or  dam  back  discharge  are  to 
be  avoided.  If  antiseptic  dressings  are  used  they 
must  be  changed  frequently  under  aseptic  precau- 
tions. The  treatment  by  gauze  packing  together 
with  numerous  tablets  of  salt,  with  a  large  drain 
placed  in  the  middle  of  the  wound,  has  much  to 
recommend  it  for  transport  purposes  as  a  preven- 
tive of  gangrene.  When  considering  the  merits  of 
any  form  of  treatment  for  gas  gangrene  it  should  be 
remembered  that  the  disease  is  a  local  irreparable 
lesion  combined  with  an  acute  general  toxaemia. 
Oxidizing  agents  and  antiseptics  cannot  resuscitate 
tissues  already  dead  and  have  no  effect  upon  the 
general  toxaemia  which  kills  the  patient. 

Gas  Gangrene  and  Gaseous  Cellulitis.  This  viru- 
lent infection  may  attack  any  gunshot  wound. 
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Cases  have  occurred  in  comparatively  small  and 
unimportant  wounds.  It  forms  one  of  the  out- 
standing dangers  to  which  injuries  are  subject  in  war. 
The  complication  of  an  injury  by  emphysematous 
gangrene,  is  usually  discovered  two  or  three  days 
after  the  injury,  but  it  may  begin  within  a  few  hours. 
A  septic  wound  cannot  be  considered  safe  from  its 
attack  until  the  wound  has  become  clean  and 
healthy. 

The  following  forms  of  the  disease  are  fairly 
distinct,  and  require  different  prognosis  and  treat- 
ment. 

(1)  Anaerobic  infection. 

(2)  Emphysematous  cellulitis  or  gaseous  cellulitis. 

(3)  Localized  gangrene. 

(4)  Gangrene  of  the  limb. 

(1)  Anaerobic  Infection.    In  this  type  there  is  as 
yet  no  definite  spreading  cellulitis  or  gas  hi  the 
tissues  but  discoloration  of  the  skin  and  gas  in  the 
discharge  from  the  wound  is  already  present  with 
characteristic  odour.     This  type,  if  untreated,  goes 
on  to  gaseous  cellulitis. 

(2)  Gaseous  cellulitis  may  be  local  or  diffuse.    The 
local  variety  is  fairly  amenable  to  treatment,  while 
the  diffuse  form  is  rapidly  fatal  unless  wide  ampu- 
tation can  be  performed.     The  infection  commences 
as  a  local  cellulitis  with  a  spread  of  gas  in  the 
tissues,  and  is  usually  associated  with  a  deep  septic 
wound.     Compound  fractures  of  large  pipe  bones 
contribute  a  large  proportion  of  the  cases.     Of  those 
with  fracture  of  the  femur  the  results  are  most  fatal. 
In  the  local  form,  the  cellulitis  is  limited  to  the 
neighbourhood  of  the  wound  and  apparently  has 
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no  tendency  to  spread  to  the  rest  of  the  limb.  These 
cases  react  well  to  the  simple  treatment  of  multiple 
incision  and  some  would  no  doubt  recover  without 
special  treatment.  The^y  account  for  the  majority 
of  successful  cases  and  have  made  the  reputation  of 
several  remedies.  In  the  diffuse  form  the  cellulitis 
involves  the  whole  limb  and  spreads  to  the  trunk. 
The  skin  around  the  wound  is  discoloured  but  the 
more  distant  skin  is  unchanged.  The  skin  may  be 
mottled  with  blue,  purplish,  or  grey  blotches,  but 
never  presents  the  bright  colour  seen  in  ordinary 
cellulitis.  The  limb  is  very  much  swollen  and  is 
cedematous.  The  tissues  which  are  permeated  by 
the  gas  yield  a  crackling  sensation  to  the  touch, 
similar  to  that  found  in  surgical  emphysema.  The 
circulation  in  the  hand  or  foot  is  not  affected.  The 
cellulitis  appears  to  be  mainly  confined  to  the  sub- 
cutaneous tissues  and  the  gas  penetrates  the  cellular 
tissue  in  advance  of  the  cellulitis.  The  patient's 
general  condition  is  soon  affected  unless  the  cellu- 
litis is  limited  to  a  small  area.  There  is  a  profound 
toxaemia  with  a  rapid  pulse  of  small  volume,  the 
hands  and  feet  are  cold,  vomiting  and  hiccough  often 
occur.  In  spite  of  this,  the  patient  may  not  com- 
plain of  feeling  very  ill. 

Treatment.  The  treatment  of  the  wound  does  not 
differ  from  other  septic  gunshot  wounds,  the  wound 
should  be  freely  opened  and  as  much  devitalized 
tissue  as  possible  should  be  excised.  The  missile 
should  be  removed  and  the  wound  searched  for  other 
septic  matter,  such  as  fragments  of  clothing.  Very 
free  drainage  in  a  dependent  position  should  be 
provided.  The  cellulitis,  whether  local  or  general, 
should  be  treated  by  numerous  incisions  into  the  sub- 
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cutaneous  tissues.  In  a  local  case,  affecting  the  calf 
of  the  leg,  three  or  four  incisions,  several  inches  in 
length,  should  be  made  down  to,  but  not  through,  the 
deep  fascia.  In  addition  to  these  deep  incisions, 
half  a  dozen  two-inch  incisions  through  the  skin  just 
entering  the  superficial  fascia  should  be  made.  The 
wound  may  be  dressed  with  hypertonic  saline  solu- 
tion. The  infection  being  an  anaerobic  one  and 
mainly  limited  to  the  cellular  tissue,  the  injection  of 
hydrogen  peroxide  into  the  cellular  tissue  at  a  point 
proximal  to  the  cellulitis  has  been  undertaken  with 
a  view  to  checking  the  advance  of  the  disease. 
About  20  c.c.  of  a  ten- volume  solution  is  injected 
by  means  of  a  syringe  into  the  circumference  of  the 
limb  above  the  infection.  The  necessity  for  this  is 
not  established. 

If  the  infection  be  localized  and  the  patient's 
general  condition  good,  arm  or  leg  baths  of  peroxide 
of  hydrogen  may  be  employed.  Usually  the  limb 
is  left  exposed  and  continuous  irrigation  of  5  per 
cent,  saline  solution  employed.  If  not  effectively 
treated,  the  gaseous  cellulitis  may  advance  to  a 
massive  gangrene  of  the  whole  limb,  the  milder 
condition  passing  into  a  more  fatal  one  with  the 
greatest  rapidity.  The  pulse  becoming  impercep- 
tible in  the  extremity  of  the  limb,  the  hand  or  foot 
becoming  cold  or  numb,  are  indications  for  immediate 
amputation. 

(3)  Localized  Gangrene.  Around  a  septic  wound, 
often  associated  with  a  compound  fracture,  a  gaseous 
cellulitis  occurs,  and  bubbles  of  gas  may  be  detected 
in  the  pus  coming  from  the  wound.  The  skin 
surrounding  the  wound  becomes  mottled  purple 
in  colour,  and  emphysematous  crackling  can  be 
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felt  for  a  short  distance  beyond  the  gangrenous 
area. 

The  case  may  remain  one  of  localized  gangrene  or 
may  be  overcome  by  the  infection  and  pass  into  a 
case  of  gangrene  of  the  limb.  Extremely  foul,  dirty 
fluid  containing  bubbles  of  gas  exudes  from  the 
wound  but  typical  pus  is  absent  or  obscured  by  the 
gangrene  discharge.  Orange -coloured  discharge 
which  stains  dressing  is  sometimes  present. 

A  large  number  of  wounds  secrete  pus  or  dis- 
charge containing  bubbles  of  gas,  although  gas  is 
not  actually  present  in  the  tissues ;  these  wounds 
recover  if  treated  early  by  the  ordinary  methods  of 
treatment  without  extensive  operation.  In  some 
cases  the  "  gas  "  has  been  sucked  in  owing  to  move- 
ments of  the  limb.  The  gas  is  not  mixed  with  the 
pus  in  the  same  way  in  these  cases,  and  the  charac- 
teristic odour  is  absent. 

Treatment.  The  devitalized  tissues  should  be 
excised,  the  usual  cleansing  and  drainage  operation 
should  be  performed  on  the  wound  if  it  has  not 
already  been  done.  Multiple  incisions  should  be 
made  in  the  emphysematous  area.  Hypertonic 
treatment  gives  good  results.  The  discoloured  area 
should  be  marked,  and  if  after  such  treatment  it  is 
found  to  be  spreading,  amputation  should  be  per- 
formed. If  the  hand  or  foot  is  found  to  be  cold  and 
numb  and  pulseless,  it  is  dangerous  to  wait  until 
further  spread  of  the  local  gangrene  takes  place,  and 
amputation  should  be  performed.  Sometimes  free 
incision  of  the  calf  will  restore  the  circulation  of  the 
foot.  In  such  cases,  the  feeble  circulation  is  due 
to  the  pressure  of  the  exudation  on  the  vessels  under 
the  deep  fascia. 
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Corp.  P was  admitted  to  a  base  hospital  suffering  from 

a  shrapnel  wound  of  the  tibia  and  fibula.  The  wound  had  been 
drained  and  the  shrapnel  removed  at  a  clearing  hospital.  A 
foul,  dirty-grey  discharge  flowed  from  the  wound  and  contained 
gas,  and  gas  bubbled  from  the  wound  upon  pressure.  Around  the 
wound,  the  tissues  were  gangrenous,  the  skin  was  mottled  and 
greenish  for  two  and  a  half  inches.  No  crackling  was  present 
upon  pressure  but  the  limb  below  the  knee  was  tense  and 
oedematous.  The  necrosed  tissue  was  cut  away  and  the  limb 
treated  by  saline  dressing  and  constant  irrigation. 

Sloughing  of  tissues  occurred  around  the  wound,  after  which 
the  wound  became  healthy  and  healed  by  granulation. 

(4)  Gangrene  of  the  Limb.  The  infection  is  usually 
apparent  within  the  first  three  days  after  the  receipt 
of  the  injury.  Massive  gangrene  of  the  whole  limb 
occurs  and  the  limb  dies  en  masse.  The  onset  is 
extremely  rapid,  the  change  taking  place  within  a 
few  hours  ;  on  several  occasions  a  limb  which  had 
been  considered  healthy  in  the  evening  has  been 
discovered  to  be  affected  with  gangrene  en  masse 
in  the  morning.  The  patient  is  in  a  highly  toxic 
condition  from  absorption  from  the  infected  tissue. 
The  temperature  is  subnormal  or  only  slightly  raised. 
The  pulse  is  rapid  and  of  low  tension  ;  the  hands  and 
feet  are  cold  and  the  patient  usually  suffers  from 
great  pain  in  the  limb.  The  mental  condition  may 
remain  unchanged,  the  patient  may  be  alert  and  un- 
complaining— coma  vigil. 

The  whole  limb  is  swollen  and  tense,  and  no  pulse 
can  be  felt  in  the  extremity  and  the  hand  or  foot  is 
cold  and  numb.  The  skin  is  at  first  grey  white,  then 
mottled,  grey,  green,  yellow,  purple,  and  finally 
black.  The  infection  commences  in  the  neighbour- 
hood of  a  septic  wound  often  associated  with  a 
septic  comminuted  compound  fracture.  The  gan- 
grene spreads  with  great  rapidity,  the  gas  spreading 
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to  the  cellular  tissue  above  the  gangrenous  area 
beneath  the  skin,  and  along  the  course  of  the  great 
vessels.  A  crackling  sensation  can  be  obtained 
upon  palpation  above  the  gangrenous  area  of  the 
limb.  The  subcutaneous  gaseous  cellulitis  rapidly 
spreads  to  the  abdomen  or  chest.  The  patient  may 
die  of  toxsemia  before  the  limb  has  actually  become 
gangrenous  or  even  before  gangrenous  areas  have 
appeared. 

Treatment.  When  in  the  presence  of  compound 
fracture,  gas  is  found  to  be  issuing  from  the  wound, 
and  the  skin  is  becoming  grey  and  mottled  and  the 
hand  or  foot  is  cold  and  numb,  amputation  should  be 
performed.  It  is  of  the  utmost  importance  to 
amputate  before  the  patient  is  dying  of  toxaemia ; 
the  disease  is  an  extremely  fatal  one  in  any  case,  and 
calls  for  recognition  and  amputation  at  an  early 
stage.  The  only  form  of  amputation  which  can  be 
considered,  is  a  direct  circular  amputation.  The 
amputation  should  be  performed  above  the  infected 
tissue  ;  some  cases  have  recovered  in  which  this 
has  not  been  possible,  the  gaseous  cellulitis  having 
already  spread  to  the  trunk. 

A  tourniquet  is  applied,  and  in  order  to  obviate 
shock  as  much  as  possible,  a  circular  infiltration  of  all 
the  tissues  is  made  around  the  whole  circumference  of 
the  limb  with  novocain  adrenalin  solution.  Several 
methods  of  combating  the  shock  of  an  amputation 
are  available,  and  since  the  amputation  for  gaseous 
gangrene  has  to  be  performed  when  the  patient  is  in 
a  toxic  condition  and  very  subject  to  shock,  it  is 
essential  that  one  of  them  be  employed.  Infiltra- 
tion of  the  cauda  equina  and  sacral  nerves  by  intro- 
ducing 20  c.c.  of  novocain  solution  slowly  into  the 
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sacral  canal  through  the  terminal  foramen,  the  horns 
of  the  last  piece  of  the  sacrum  being  the  guide  to  the 
aperture,  is  a  good  method  and  strongly  advo- 
cated by  some  surgeons.  Blocking  the  main  nerve- 
trunks  by  injecting  them  with  local  anaesthetic 
solution  is  a  well-known  method.  The  writer  has 
found  that  local  infiltration  of  the  tissues  to  be 
divided,  with  special  care  in  injecting  the  great 
nerve-trunks,  is  the  most  satisfactory  method.  Saline 
solution  is  usually  given  into  a  vein  during  the 
operation.  All  the  tissues  are  divided  transversely 
at  the  level  to  which  the  skin  retracts  after  the 
circular  skin  incision  has  been  made.  No  sutures 
are  inserted  by  this  method  and  free  drainage  is 
obtained.  The  wound  is  dressed  with  hypertonic 
saline  solution,  applied  on  gauze.  After  the  first 
few  hours  constant  irrigation  is  applied  to  the  gauze 
from  an  irrigator. 

A  Case  of  Gangrene  "  en  masse  " 

Private  L was  admitted  to  a  base  hospital  suffering  from 

gunshot  wound  of  the  left  arm.  The  wound  was  of  the  explosive 
type,  probably  inflicted  at  close  range.  The  entrance  wound  was 
small ;  the  exit  wound,  over  four  inches  in  diameter,  was  lacerated. 
There  was  a  severely  comminuted  fracture  of  the  humerus  with 
great  destruction  of  bone,  and  spicules  of  bone  projected  from 
the  ragged  sloughing  wound.  A  foul-smelling,  dirty-grey  coloured 
discharge  containing  bubbles  of  gas  exuded  from  the  wounds. 
Around  the  wound  for  several  inches  the  tissues  were  black  and 
gangrenous,  the  whole  of  the  limb  was  intensely  swollen,  massive 
gangrene  extended  up  to  the  axilla,  the  skin  on  the  inner  side 
being  of  a  mottled  green.  Above  the  gangrenous  area,  extending 
into  the  axilla  and  chest  on  either  side  and  on  to  the  shoulder 
above,  crackling  could  be  felt  on  pressure. 

The  outer  arm  was  mottled  greyish  brown  up  to  within  three 
inches  of  the  acromion  process.  The  forearm  and  hand  were 
swollen  with  tense  oedema  mottled  greyish  green,  cold  and 
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pulseless.  The  patient's  condition  was  very  unfavourable,  the 
pulse  was  small  and  running,  the  temperature  100,  the  tongue 
was  dry  and  furred,  and  the  face  drawn  and  anxious. 

Open  ether  was  administered  preceded  by  atropine  gr.  T^F 
and  morphia  gr.  J.  An  intravenous  saline  injection  was  begun 
before  the  operation.  The  subcutaneous  tissue  above  the 
gangrenous  area  was  infiltrated  with  a  ten- volume  solution  of 
peroxide  of  hydrogen.  A  circular  incision  was  made  on  a  level 
with  the  lower  margin  of  the  axilla  on  the  inner  side,  and  about 
three  inches  below  the  acromion  process  on  the  outer  side,  the 
incision  passing  through  tissue  infected  with  gaseous  cellulitis. 
The  circular  incision  was  carried  right  down  to  the  bone  whilst 
the  subclavian  artery  was  compressed.  After  raising  the  deltoid, 
the  humerus  was  disarticulated  at  the  shoulder.  The  wound 
was  left  open  and  dressed  with  saline  solution,  no  sutures  were 
used. 

The  patient  suffered  severely  from  shock  after  the  operation. 
Rectal  injections  of  saline  were  given  during  the  night.  After 
the  first  forty-eight  hours  extreme  prostration,  the  patient's 
condition  improved.  Continuous  saline  irrigation  was  instituted, 
the  wound  being  dressed  only  with  a  layer  of  gauze. 

A  crescentic-shaped  area  of  tissue  which  formed  the  out-flap 
became  coal  black  in  colour.  This  piece  of  tissue  demarcated 
immediately  below  the  acromion  and  separated  eight  days  later. 
The  wound  granulated  and  rapidly  became  healthy.  It  is 
possible  that  the  sloughing  of  the  flap  was  due  to  the  infiltration 
with  hydrogen  peroxide.  This  has  been  omitted  in  more  recent 
cases  with  equally  good  results.  The  shock  would  have  been  less 
in  all  probability  had  the  amputation  area  been  infiltrated  with 
local  anaesthetic  solution. 

The  amputation  should  have  been  performed  at  an  earlier 
stage  of  the  disease.  A  cold  pulseless  hand  and  cellulitis  extend- 
ing to  the  trunk  in  the  presence  of  a  severely  comminuted  fracture 
with  gangrenous  patches  around  the  wound  would  be  ample 
indication  for  immediate  amputation  without  waiting  for  massive 
gangrene  to  spread  to  the  limb. 

White  Gangrene.  The  skin  is  glazed  and  is  white 
in  colour.  It  is  moist  and  cold,  and  pits  on  firm 
pressure.  A  very  firm  oedema  is  present  and  the 
distal  pulse  in  the  limb  cannot  be  felt.  The  glazed 
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white  appearance  of  the  distended  skin  instead  of 
the  usual  redness  seems  particularly  characteristic. 
Early  in  the  condition  the  patient  is  extremely  ill 
with  clammy  sweating  face  and  running  pulse. 
The  condition  is  extremely  fatal  and  death  occurs 
within  about  twelve  hours.  The  infection  is  so 
rapidly  fatal  that  little  change  in  the  colour  of  the 
limb  has  been  noticed.  In  those  cases  which  have 
survived  somewhat  longer  it  has  been  found  that 
during  the  last  few  hours  the  limb  has  become 
mottled  black  and  the  discharge  exceedingly  foul. 
No  gas  has  been  noticed  in  the  discharge,  and  no 
crackling  has  been  detected  in  the  tissues.  The 
appearance  is  somewhat  suggestive  of  deep-seated 
pus  owing  to  the  tension  of  the  skin,  but  on  making 
an  incision  into  the  limb  the  wound  merely  oozes 
serum. 

Private  L was  shot  through  the  calf  September  24,  and 

admitted  to  a  base  hospital  on  September  26.  There  was  a 
small  wound  of  entrance  and  a  wound  of  exit  the  size  of  half  a 
crown,  through  which  muscle  bulged.  The  leg  was  white,  the 
skin  tense  and  cold.  Incisions  three  inches  long  were  made  on 
each  side  through  the  bullet  track,  capillary  bandages  were  in- 
serted and  continuous  saline  irrigation  applied.  The  next  day 
the  skin  was  much  more  swollen,  it  pitted  on  firm  pressure  and 
had  the  appearance  of  a  limb  containing  deep-seated  pus,  but 
was  white  in  colour.  Very  little  pus  came  from  the  wounds. 
A  thin  foul  smelling  discharge  exuded.  The  patient's  tempera- 
ture was  103°.  He  was  restless  and  his  general  condition  was 
very  much  worse.  Numerous  incisions  were  made  into  the  sub- 
cutaneous tissue.  The  patient's  condition  did  not  improve  ;  the 
pulse  became  rapid ;  shock  was  very  pronounced.  The  limb 
turned  blotchy  black  and  was  extremely  foul.  The  usual  reme- 
dies were  employed,  including  rectal  saline  injection.  The 
patient  died  eight  hours  after  the  second  operation. 

Gangrene  due  to  Injury  to  Vessels.    The  damage 
to  the  vessels  may  be  inflicted  by  the  missile,  but 
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is  more  often  produced  by  fragments  of  bone.  If 
the  fragments  are  in  bad  position  pressure  of  an 
upper  or  lower  fragment  upon  the  main  vessels  may 
cause  gangrene.  When  a  vessel  has  been  lacerated 
the  pressure  of  the  blood  which  has  escaped  from  the 
bleeding  vessel  may  be  the  cause  of  gangrene. 

Dry  Gangrene.  The  dry  form  is  rarely  seen  as  a 
result  of  gunshot  wounds.  It  resembles  the  clinical 
picture  of  gangrene  due  to  atheroma.  The  patient 
complains  of  severe  pain  in  the  limb  and  the  distal 
pulse  cannot  be  felt.  The  skin  is  at  first  dead  white, 
then  becomes  red.  The  redness  is  followed  by  a 
mottled  appearance  caused  by  the  red  in  places 
turning  to  purple.  The  area  which  is  going  to  recover 
becomes  redder  and  the  dying  area  is  separated  by 
a  white  line. 

The  treatment  consists  of  waiting  for  the  gangre- 
nous area  to  separate.  Amputation  should  not  be 
performed  until  collateral  circulation  is  well  estab- 
lished. The  following  is  an  example  of  this  rare 
disease  : 

Injury  to  the  Popliteal  Artery  followed  by 
Dry  Gangrene 

Private  S was  wounded  on  September  26  by  a  bullet 

entering  the  knee  in  front  above  the  patella  and  making  its  exit 
in  the  middle  of  the  popliteal  space.  The  wounds  were  quite 
aseptic  ;  the  knee-joint  was  slightly  distended  but  was  not 
painful.  The  case  was  presumably  one  of  an  aseptic  injury  to  the 
knee  joint  and  was  treated  by  rest  in  bed  on  a  back  splint.  On 
September  30  the  patient  complained  of  very  severe  pain  in 
his  foot.  The  toes  were  mottled  blue,  and  the  anterior  part  of 
the  foot  was  dead  white.  The  leg  was  warm,  but  the  foot  was 
cold  beyond  the  anterior  limit  of  the  ankle-joint.  No  pulsation 
of  the  tibial  vessels  could  be  felt.  No  oedema  was  present.  On 
October  2  the  toes  were  dark  mottled  purple,  the  anterior  half  of 
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the  outer  margin  of  the  foot  was  grey.  A  definite  line  of  demar- 
cation extended  across  the  heads  of  the  metatarsal  bones — behind 
this  line  the  dorsum  of  the  foot  was  bright  red  in  colour.  A 
red  and  very  painful  streak  passed  up  to  the  front  of  the  leg  from 
the  dorsum  of  the  foot  (see  Fig.  27). 

Temperature  rose  to  102°-103°  in  the  evenings  and  there 
was  considerable  pain.  Ten  days  later  the  toes  were  quite 
black  and  dry,  and  the  only  area  of  inflammation  was  that 
adjoining  the  conspicuous  white  line. 

Patient  was  transferred  to  England. 
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WH ITE  LIME. 
INFLAMED  AREAS 


FIG.  27.     Dry  gangrene  following  injury  to  popliteal  artery. 

Moist  Gangrene.  This  is  the  common  form  of  gan- 
grene due  to  circulatory  disturbance  met  with  in 
gunshot  injuries.  The  limb  is  swollen  and  cedema- 
tous,  the  skin  is  white  at  first,  becoming  mottled 
and  blotchy  later.  Sanious  blebs  occur  in  the  skin 
of  the  gangrenous  area.  The  pulse  cannot  be  felt 
in  the  distal  portion  of  the  limb.  The  cedematoas 
mottled  area  with  blebs  upon  the  surface  of  the 
skin  gradually  merges  into  the  healthy  tissue  without 
any  defining  line.  Later  the  gangrenous  mass 
becomes  covered  with  blebs  which  burst,  leaving 
a  foul  raw  base. 
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Treatment.  Early  and  high  amputation  should 
be  performed.  In  cases  where  the  lower  two-thirds 
of  the  leg  alone  are  involved  the  amputation  should 
be  performed  through  the  lower  third  of  the  thigh. 
In  cases  in  which  the  gangrene  has  affected  the  thigh 
the  site  of  amputation  will  be  a  short  distance  above 
the  gangrenous  area  through  healthy  skin.  The 
amputation  should  be  a  direct  circular  one  without 
any  attempt  at  flaps,  and  no  sutures  should  be 
inserted. 

Capt.  X was  admitted  to  a  base  hospital  early  in  November 

1914,  suffering  from  a  shrapnel  wound  of  the  right  arm  received 
four  days  previously.  The  bullet  had  not  been  extracted  or  the 
wound  enlarged  for  drainage,  but  had  been  dressed  with  cyanide 
gauze.  On  the  patient's  forearm  were  coal-black  blebs  containing 
blood  which  had  burst  here  and  there  and  left  a  black  ulcerated 
base.  The  upper  arm  was  black  in  its  lower  third.  Above  this 
the  arm  was  mottled  grey  and  purple  cedematous  and  covered 
with  sanious  blisters,  the  skin  of  the  upper  quarter  of  the  arm 
appeared  healthy.  The  case  was  so  advanced  that  the  arm  was 
amputated  by  circular  amputation  immediately  below  the 
shoulder.  In  this  case  the  patient  was  in  fairly  "good  general 
condition  in  marked  contrast  to  patients  suffering  from  gaseous 
gangrene  of  a  limb. 


CHAPTER  VIII 

THE  TREATMENT  OF  GUNSHOT  WOUNDS 
OF  THK  HEAD 

ON  admission  of  the  patient,  his  scalp  should  be 
shaved,  the  wound  thoroughly  examined,  two  skia- 
grams taken  in  planes  at  right  angles  to  each  other, 
and  an  exhaustive  neurological  examination  made. 
An  aperient  should  be  given  and  the  administration 
of  urotropin  (15-20  grains  every  three  to  four  hours) 
begun. 

Cushing's  experiments  have  shown  the  value  of 
this  drug  in  cranial  and  spinal  surgery.  Formalin 
can  be  detected  in  the  cerebro -spinal  fluid  a  few 
hours  after  its  administration.  Animal  experiments 
have  shown  that  the  experimental  infection  of  the 
meninges  failed  to  kill  animals  protected  by  uro- 
tropin, whilst  control  animals  untreated  by  uro- 
tropin died. 

The  majority  of  wounds  of  the  scalp  should  be 
excised  and  the  bone  beneath  carefully  examined. 
If  no  further  interference  is  needed,  the  wounds  can 
be  sutured  without  drainage. 

In  a  very  large  number  of  cases  of  apparently 
slight  injury  as  judged  from  external  conditions,  but 
in  which  definite  lesions  of  the  brain  were  found, 
it  has  been  impossible  to  say  from  evidence  of  dis- 
turbance of  cerebral  functions  that  any  cerebral 
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injury  was  present.  The  extent  of  the  damage 
to  bone  cannot  be  accurately  or,  in  some 
cases,  at  all,  ascertained  <  by  X-ray  examination. 
One  X-ray  photo  should  be  taken  in  a  line  tan- 
gentially  to  the  skull  at  the  site  of  the  wound  and 
another  at  right  angles  to  give  the  best  possible 
in  formation. 

There  may  be  a  large  area  of  brain  damaged 
without  any  localizing  symptoms,  especially  in  the 
frontal  region,  and  that  even  with  insignificant  scalp 
wounds.  On  the  other  hand,  evidence  pointing  to 
gross  lesion  of  the  cerebrum  does  not  necessarily 
mean  that  such  lesion  exists.  Many  cases  have 
occurred  in  which  very  definite  paralysis  has  been 
present  where  removal  of  depressed  bone  alone  has 
resulted  in  the  disappearance  of  the  paralysis 
within  a  couple  of  days. 

Pressure  upon  the  delicate  tissue  of  the  central 
nervous  system  produces  a  lack  of  function  which 
is  probably  circulatory  in  origin.  When  a  foreign 
body,  either  a  missile  or  bone,  presses  upon  the 
brain,  the  loss  of  function  is  evidenced  by  decreased 
or  absolute  loss  of  pulsation.  The  removal  of  the 
missile  is  followed  by  an  immediate  return  of 
pulsation.  In  order  that  permanent  injury  to  the 
brain  may  be  prevented  early  removal  of  pressure 
is  essential. 

There  are  two  classes  of  case,  one  in  which  there 
is  too  obvious  evidence  of  gross  lesion  to  both  ex- 
ternal parts  and  brain,  the  other  in  which  the 
external  lesions  are  apparently  trivial  but  on 
exploration  both  skull  and  deeper  parts  are  seriously 
injured.  These  two  classes  must  be  approached 
from  totally  different  standpoints.  In  the  first  class 
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the  lesions  are  so  obvious  that  definite  lines  of 
treatment  can  be  more  easily  laid  down.  In  the 
second  class  there  is  difference  of  opinion  as  to  what 
should  be  done.  In  my  opinion,  owing  to  the  un- 
certainty which  must  exist  as  to  the  actual  lesion, 
and  to  the  necessity  of  early  interference  if  depressed 
bone  or  intracranial  haemorrhage  or  other  serious 
lesion  is  suspected,  operation  should  be  carried  out 
at  the  earliest  time  which  the  exigencies  of  war  will 
permit.  At  the  same  time,  such  apparently  trivial 
cases  should  not  be  allowed  to  block  the  hospitals 
at  the  front,  and  they  ought  not  to  be  allowed  to  go 
home  from  base  hospitals  without  adequate  examina- 
tion. Cases  of  marked  depressed  and  comminuted 
fracture,  even  with  lodgment  of  bone  in  the  brain, 
may  have  no  cerebral  symptoms,  or  only  a  head- 
ache. The  possible  effects  of  such  a  localized  force 
as  that  which  causes  these  injuries  renders  explora- 
tion more  than  desirable.  Excision  of  the  wound 
to  allow  inspection  of  the  skull  and  if  necessary 
deeper  parts  must  be  carried  out  before  the  exami- 
nation can  be  called  adequate.  Excision  of  such 
wounds  can  be  followed  in  the  vast  majority  of 
cases  by  primary  suture  which  practically  always 
assures  healing  by  first  intention.  If  the  deeper 
parts  are  uninjured,  the  man  can  leave  hospital 
in  a  very  short  time,  much  sooner  than  he  otherwise 
would,  and  is  therefore  sooner  available  as  a  fighting 
unit.  If  the  deeper  parts  are  injured  one  can 
be  sure  that  the  best  possible  has  been  done 
for  him  at  the  best  possible  time.  Out  of  207 
cases  of  head  injury  operated  upon  by  Captain 
Roberts  only  eight  failed  to  heal  with  absolute 
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At  the  meeting  of  the  Societe  de  Chirurgie, 
May  12,  1915,  M.  Temoin  recorded  twenty-eight 
fractures  out  of  thirty-two  cases  of  apparently  super- 
ficial wounds.  Of  the  twenty -three  trephined  on 
arrival  at  hospital,  all  were  cured.  Of  the  five 
trephined  later,  four  are  dead  and  one  alone  cured. 
The  tendency  of  French  surgeons  has  been  in- 
creasingly in  favour  of  early  operation  even  in 
apparently  trivial  cases.  Turner  thought  that 
trephining  should  be  done  in  every  case  where  any 
evidence  was  found  of  passage  of  the  projectile  on 
the  cranial  vault.  Tussin  insisted  on  the  need  of 
removing  all  fragments  of  bone.  Paris  Medical, 
June  19,  1915  ;  Weiss  and  Gross  (Nancy)  ;  and 
Presse  Medicale,  February  4,  1915,  describe  eighty- 
seven  cases  trephined.  Most  of  those  trephined 
within  a  few  hours  of  arrival  at  hospital  lived. 
Most  of  those  trephined  after  a  few  days  died. 
They  conclude  "  that  all  wounds  of  the  skull  should 
be  trephined  at  once.  Trephining  in  their  opinion 
is  the  operation  of  urgency,  par  excellence,  in  military 
surgery." 

It  has  not  been  an  uncommon  experience  to  find 
cases  of  gunshot  injury  of  the  head  of  such  apparent 
triviality  that  they  were  not  sent  to  the  base  for 
treatment,  relapse  after  recovery  and  suffer  from 
serious  cranial  symptoms. 

Every  suspected  depressed  fracture  of  the  skull 
should  be  explored  without  delay,  whether  sepsis 
is  present  or  not.  Delay — waiting  for  surface  wounds 
to  clean — too  frequently  leads  to  dangerous  intra- 
cranial  developments.  In  most  cases  it  is  possible 
so  to  excise  the  wounds  in  both  scalp  and  bone  that 
an  aseptic  field  of  operation  is  left.  If  sepsis  has 
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already  penetrated  to  the  depth  of  the  brain,  the 
sooner  operation  is  done  the  better. 

Gunshot  injuries  of  the  head  may  be  considered 
under  the  following  headings  : 

(1)  Where  there  are  no  Qbvious  Signs  of  De- 
pressed Fracture.     The  indications  for  operating  in 
such  cases,  because  fracture  with  displacement  of 
the  inner  table  or  some  other  subcranial  lesion  may 
be  present,  are  : 

(a)  When  the  entrance  and  exit  wounds  are  separ- 
ated so  far  by  a  bridge  of  scalp  overlying  a  convexity 
of  the  skull  that  the  line  joining  them  traverses  the 
bone,  or  if  the  patent  has  been  stunned  at  the  time 
of  injury,  the  presumption  is  that  the  bone  has  been 
hit.  Such  wounds  and  the  track  between  them,  as 
well  as  "  gutter  "  wounds  of  the  scalp,  should  be 
excised  and  the  periosteum  examined.  Injury, 
even  mere  bruising,  of  the  periosteum  usually 
means  that  the  bone  has  suffered.  If  loss  of 
function  (although  evanescent),  persistent  head- 
ache or  giddiness,  or  other  more  definite  signs  of 
cerebral  compression  are  present,  especially  if  optic 
neuritis  co-exists,  trephining  should  be  done, 
even  in  the  absence  of  definite  laceration  of  the 
periosteum. 

(6)  Fracture  of  the  outer  table  without  de- 
pression. It  is  so  difficult  to  be  certain  that  no 
depression  of  the  inner  table  is  present  that  a 
trephine  opening  should  be  made  and  the  inner 
table  examined. 

The  operation  in  these  cases  is  performed  to  pre- 
vent focal  epilepsy  or  other  serious  post-traumatic 
manifestations. 

(2)  Fracture  with  Depression,  but  without  Injury 
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to  the  Dura  Mater.  The  fractured  and  depressed 
bone  must  be  removed  if  possible  by  means  of 
properly  devised  bone  forceps,  otherwise  a  small 
bone  disc  must  be  trephined,  and  the  peccant 
fragments  removed.  The  dura  is  examined  and,  if 
it  is  intact,  the  operation  is  then  usually  completed 
by  suture,  without  drainage. 

Indications  for  Opening  Unlacerated  Dura.  In  the 
presence  of  definite  signs  of  interference  with  brain 
function,  or  of  increased  intracranial  pressure,  if 
the  dura,  on  exposure,  is  found  to  be  muddy  looking, 
if  there  is  loss  of  pulsation,  or  if  there  is  a  circum- 
scribed loss  of  elasticity,  it  should  be  incised. 
There  may  be  considerable  pulping  and  disintegra- 
tion of  brain-tissue  beneath. 

Such  brain  matter  is  functionally  useless.  It  may, 
from  its  action  as  a  "  foreign  body,"  cause  cerebral 
compression.  It  is  liable  to  become  septic  and  form 
an  abscess,  and  in  any  case  will  form  a  scar  on  the 
surface  of  the  brain  which  will  probably  give  rise 
to  cerebral  trouble  sooner  or  later.  It  is  therefore 
better  after  dealing  with  the  injury  to  the  scalp  and 
bone  (in  these  cases  usually  small)  to  make  a  small 
crucial  incision  in  the  dura,  which  will  allow  the 
disintegrated  pulpy  material  to  flow  out.  Only 
the  useless  matter  will  exude  unless  the  intracranial 
pressure  is  already  high,  in  which  case  a  large  de- 
compression is  indicated.  It  is  assumed  that  the 
superficial  wound  has  been  excised,  and  that  virulent 
sepsis  is  not  present. 

P.  Sargent,  who  has  an  almost  unique  experience 
of  the  subject,  considers  this  procedure  unjustifiable. 
Thirty  cases  have  been  collected  in  which  this 
procedure  was  carried  out  by  surgeons  working  in 
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Rouen  and  no  deaths  or  ill-effects  followed  it.  On 
the  other  hand,  in  three  cases  in  which  the  dura 
presented  the  appearance  above  described  and, 
for  fear  of  infecting  the  meninges,  was  not  incised, 
death  followed.  A  tense  blood-stained,  roughened 
dura  often  conceals  blood-clot  without  the  removal 
of  which  the  patient  may  not  recover. 

Private  C was  wounded  on  September  26.     A  scalp  wound, 

caused  by  a  glancing  shot,  was  present  two  and  a  half  inches  to 
the  left  of  the  longitudinal  sinus  and  two  inches  behind  the  level  of 
the  external  auditory  meatus.  X-ray  was  negative,  no  headache 
was  present,  motor  and  sensory  systems  and  reflexes  were  normal. 
The  wound  was  diagnosed  scalp  wound.  The  patient  walked 
about  the  hospital  apparently  quite  well  for  a  week.  On 
October  4  the  patient  had  a  typical  epileptic  fit,  beginning  with 
a  cry  with  spasm  of  right  arm,  the  muscular  contractions  spread- 
ing to  the  whole  body.  The  patient  was  very  violent  on  recovery. 
The  patient  was  certain  that  he  had  never  had  a  fit  before  in 
his  life.  An  operation  was  performed  on  the  evening  of  Octo- 
ber 4.  The  wound  was  excised.  On  examining  the  bone  of  the 
skull  no  sign  of  fracture  could  be  discovered.  A  disc  of  bone 
was  removed  with  the  trephine.  Some  clot  was  found  between 
the  dura  and  the  bone,  but  the  dura  was  uninjured.  The  clot 
was  washed  away  and  the  dura  examined  ;  it  was  tense,  bulging, 
roughened  and  non-pulsating.  The  dura  was  incised  and  a  sub- 
dural  clot  discovered.  The  clot  was  washed  away  and  a  bleeding 
cerebral  vessel  ligatured.  The  brain  bulged  considerably  through 
the  bony  aperture  and  did  not  pulsate  normally.  Decompression 
was  carried  out  by  enlarging  the  bony  aperture  to  a  size  of  four 
inches  by  three  ;  the  brain  now  pulsated  normally.  The  long 
scalp  wound  was  now  sutured  by  a  continuous  thread  suture 
taking  an  inch  of  scalp  in  each  stitch.  This  suture,  with  some 
tension,  left  a  gap  of  half  an  inch  between  the  lips  of  the  wound, 
second  continuous  suture  passing  through  only  half  the  thickness 
of  the  scalp  brought  the  edges  of  the  wound  together  without 
tension.  The  long  incision  was  an  error  of  judgment  in  this 
case  ;  it  was  not  anticipated  that  a  decompression  would  have 
to  be  carried  out,  or  a  flap  incision  would  have  been  made.  The 
wound  was  sealed  up  with  mastisol  wound  varnish. 
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During  the  night  following  the  operation  the  patient  had 
another  fit  and  was  very  violent.  On  the  following  day  he  had 
four  fits.  Bromide  and  chloral  mixture  was  given.  On  Octo- 
ber 7  the  patient  had  one  fit,  which  was  the  last.  The  sutures 
were  removed  on  October  12,  the  wound  being  healed  by  primary 
union. 


(3)  Fracture  with  Injury  to  Dura  Mater,  when  no 
Foreign  Body  is  present  and  the  Wound  in  the  Brain 
is  probably  Aseptic.  Either  a  flap  is  turned  down 
or  the  excised  wound  enlarged  in  any  required 
direction.  The  bone  around  the  fracture  is  cleared* 
A  trephine  opening  is  usually  required.  The 
spicules  are  removed  and  the  skull  cut  away  with 
forceps  to  an  extent  varying  with  the  injury  to  the 
dura.  A  clear  margin  of  an  inch  of  uninjured  dura 
should  be  exposed.  The  removal  of  bone  should  err 
on  the  liberal  side.  Ragged  pieces  of  dura  should 
be  removed.  A  piece  of  aponeurosis  may  be  turned 
down  or  drawn  across  the  injured  dura,  and  the 
operation  completed  by  suturing  the  flap  if  one  has 
been  made.  If  sepsis  asserts  itself  in  this  wound 
it  should  at  once  be  opened  up  freely. 

A  larger  proportion  of  cranial  operations  for  the 
relief  of  gunshot  wounds  come  under  this  heading  than 
under  any  other.  All  such  cases  require  an  operation 
at  the  earliest  possible  opportunity.  It  is  only  by  an 
operation  that  contaminated  skin  and  bone  can  be 
removed,  and  to  leave  the  patient  without  operative 
treatment  is  to  invite  the  spread  of  sepsis.  The 
outlook  is  not  at  all  unfavourable  in  this  class  of  case, 
provided  pus  is  not  encountered  during  the  operation 
and  drainage  becomes  necessary.  At  the  base  hos- 
pitals these  cases  have  been  seen  in  thousands,  and 
in  one  operating  surgeon's  experience  there  have 
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been  a  series  of  over  sixty-five  consecutive  cases 
of  this  description  operated  upon  without  unfavour- 
able sequela,  all  of  which  have  healed  by  primary 
union.  Urgent  symptoms,  such  as  signs  of  cerebral 
compression  of  high  degree,  will  require  an  immediate 
operation  with  considerable  removal  of  bone.  Many 
of  the  patients  suffering  from  depressed  fracture 
with  perforation  of  dura  and  laceration  of  the  brain 
present  symptoms  of  aphasia,  epilepsy,  and  disturb- 
ances of  the  motor  and  sensory  systems.  It  has  been 
.our  experience  that  such  symptoms  are  relieved 
by  operation  and  patients  so  suffering  do  not 
show  a  tendency  to  recover  without  operation. 
The  following  case  exemplifies  a  compound  de- 
pressed fracture  causing  aphasia  which  recovered 
after  operation. 

Private  W was  wounded  on  September  26,  admitted  to  a 

base  hospital  on  September  29.  Two  wounds  were  present  on  the 
scalp,  a  wound  of  entrance  above  and  behind  the  mastoid  process, 
and  a  long,  ragged,  exit  wound  one  and  a  quarter  inches  above 
and  in  front  of  the  external  auditory  meatus.  The  patient  was 
dull  and  apathetic,  occasionally  moaning,  but  he  could  not 
remember  his  name  and  could  not  name  objects.  He  could 
answer  yes  or  no  to  simple  questions,  but  the  answer  was  much 
delayed.  The  only  motor  symptom  was  paralysis  of  the  right 
arm.  There  was  incontinence  of  urine,  which  remained  for 
seven  days  after  the  operation. 

Operation.  A  temporal  flap  was  turned  down,  the  wounds 
were  excised  and  sutured,  and  a  disc  of  bone  was  removed  with 
the  trephine,  and  the  bone  around  the  fracture  cut  away,  making 
an  aperture  two  and  a  half  inches  in  diameter.  The  dura  was 
lacerated,  and  through  the  laceration  brain  herniated.  The 
brain  was  considerably  pulped  and  flowed  away  in  a  fluid  stream 
to  the  amount  of  two  drachms.  The  dura  was  divided  almost 
to  the  extent  of  the  bone  aperture,  and  the  brain  pulsated 
normally.  The  brain  was  irrigated  with  saline  solution,  and 
the  temporal  muscle  and  skin  flap  replaced  and  sutured.  No 
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drainage  was  employed.  Two  days  later  the  patient's  mental 
condition  was  unchanged  and  his  name  could  not  be  obtained. 
The  incontinence  of  urine  continued.  Five  days  after  the 
operation  he  remembered  his  name  and  could  answer  simple 
questions.  Ten  days  after  the  operation  the  patient's  mental 
condition  was  almost  normal ;  he  felt  that  he  was  gaining  his 
memory,  he  remembered  where  he  lived,  and  he  recalled  the 
fight  in  which  he  was  shot.  The  incontinence  of  urine  had 
ceased.  Primary  union  of  the  wound  occurred,  and  the  patient 
was  transferred  home,  well  on  the  way  to  recovery. 

(4)  Cases  in  which  there  is  Injury  to  the  Dura, 
complicated  by  a  Foreign  Body  in  the  Brain  and  by 
Sepsis.  The  foreign  body  is  previously  localized 
by  X-rays.  At  the  operation  (as  in  3),  its  track 
through  the  brain  matter  is  explored  by  the  index 
finger,  and  a  suitable  scoop  passed  along  the  finger 
under  the  foreign  body  and  all  three  carefully  with- 
drawn. The  greatest  delicacy  of  touch  is  required 
during  this  precedure.  The  finger  must  follow  the 
previously  formed  track,  and  must  not  break 
through  uninjured  brain  substance.  Any  stiffness 
of  the  finger  must  be  avoided.  The  use  of  a  forceps 
is  apt  to  cause  more  damage  to  the  brain. 

A  drain  is  inserted  along  the  track.  The  wound 
should  not  be  sutured. 

Should  the  previous  localization  of  the  foreign 
body  or  the  exploration  with  the  finger  indicate  that 
its  removal  will  be  difficult,  the  attempt  should 
not  be  forced,  a  drain  being  inserted  for  the  time 
being. 

The  exploration  for  foreign  bodies  by  the  finger 
at  the  primary  operation  is  justified  by  the  following 
considerations  :  ( 1 )  a  track  through  brain  substance 
is  already  present  ;  (2)  no  further  injury  to  the  brain 
need  be  made  ;  (3)  the  frequency  with  which  an 
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abscess  develops  should  the  foreign  body  be  left  in 
the  brain  ;  and  (4)  if  the  wounds  are  large,  sepsis 
has  almost  certainly  penetrated  along  with  the 
foreign  bodies. 

The  view  that  a  foreign  body  in  the  brain  is 
comparatively  harmless  has  not  been  borne  out 
by  our  experience.  It  has  usually  been  a  source 
of  sepsis  causing  abscess  or  encephalitis  which  sub- 
sequent operation  has  been  unable  to  combat. 

Cases  arriving  at  the  base  do  not  bear  out  the  old 
view  with  regard  to  missiles  and  indriven  bone 
remaining  aseptic.  These  fragments  are  usually 
the  exciting  cause  of  pus  infection  or  of  an  abscess 
in  the  brain.  At  first  the  indriven  fragments  are 
generally  aseptic,  being  usually  from  the  inner 
table.  The  superficial  wounds  of  scalp  and  bone 
may  be  rendered  aseptic  by  excision,  therefore  an 
operation  is  required  as  early  as  possible  to  prevent 
sequelae. 

If  signs  of  markedly  increased  intracranial  pres- 
sure are  present,  some  form  of  decompression  will 
be  required  at  the  primary  operation.  This  may 
be  effected  either  by  removing  sufficient  bone  and 
opening  the  dura  around  the  fractured  area,  or  by 
performing  a  subtemporal  decompression  in  addition 
to  the  local  operation.  The  amount  of  bone  which 
should  be  removed  and  of  dura  which  should  be 
incised  correspond  roughly  in  an  average  case  to 
the  area  of  the  temporal  muscle. 

(5)  Fracture  with  Injury  to  one  of  the  Blood- 
sinuses.  The  various  procedures  for  control  of 
haemorrhage  here,  according  to  the  size  of  the 
laceration  and  in  order  of  merit  are:  (1)  applica- 
tion, under  light  pressure,  of  a  piece  of  tissue  pre- 
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A  large  fragment  of  shell  may  be  seen  lying  at  a  depth  of  8  cin.  within 
the  cranium.  The  fracture  caused  by  its  entrance  may  be  seen.  The 
fragment  was  removed  but  a  cerebral  abscess  developed  and  the  patient 
died.  Postmortem  :  A  fragment  of  cloth  was  found  in  the  lateral 
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ferably  muscle  ;  (2)  the  lateral  application  of  suture 
or  forceps  ;  (3)  plugging  with  gauze  ;  and  (4)  liga- 
ture. Plugging  and  ligature  especially  must  be 
avoided  behind  the  entrance  of  the  parietal  lacunse. 
It  will  be  gathered  from  the  following  extract  from 
the  British  Medical  Journal  of  October  2  that 
Sargent  and  Gordon  Holmes  recommend  conserva- 
tive treatment  for  this  injury  : 

The  treatment  of  injuries  of  the  longitudinal  sinus  presents 
considerable  difficulties.  When  there  is  a  defect  in  the  skull 
to  one  side  of  the  middle  line,  and  the  brain  is  lacerated  by  in- 
driven  fragments  of  bone,  the  wound  should  be  dealt  with  as 
if  it  lay  in  other  regions  of  the  head,  but  special  care  is  necessary 
to  avoid  and  control  the  serious  haemorrhage  that  is  apt  to  occur 
from  the  sinus  or  its  lacunae. 

If  the  symptoms  are  due,  however,  only  to  compression  of  the 
sinus  or  its  lacunae,  the  immediate  removal  of  the  compressing 
bone  would  at  first  sight  appear  to  be  the  rational  treatment ; 
but  experience  has  shown  that  the  results  of  surgical  interference 
have  been  extremely  unsatisfactory.  Among  thirty-nine  cases 
we  observed  which  were  operated  upon  either  by  ourselves  or 
others,  fifteen  deaths  occurred  in  the  base  hospitals,  while  only 
one  among  the  thirty-seven  unoperated  upon  cases  died  before 
transference  to  England.  These  figures  have  not,  of  course,  an 
absolute  value,  as  it  was  naturally  the  most  serious  cases  which 
were  on  the  whole  selected  for  operation,  and  in  seven  of  the 
fatal  ones  there  was,  in  addition,  some  direct  injury  of  the  brain. 
They  are,  however,  sufficient  to  emphasize  the  danger  of  opera- 
tion. 

On  the  other  hand,  it  must  be  remembered  that  the  un- 
complicated cases  show  a  remarkable  tendency  to  improve, 
probably  owing  to  the  free  venous  anastomosis  permitting  a 
re-establishment  of  the  circulation. 

If  operation  is  necessary,  it  is  advisable  to  remove  bone  all 
round  the  depressed  portion,  and  only  then  elevate  this  ;  for 
if  haemorrhage  occurs  the  surgeon  is  then  in  a  more  favourable 
position  to  control  it.  As  a  rule,  some  bleeding  from  either  the 
sinus  or  its  lacunae  occurs  when  the  fragments  of  bone  are  removed; 
but  it  can  generally  be  arrested  by  placing  a  piece  of  pericranial 
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tissue  or  muscle  on  the  laceration,  keeping  it  in  position  for  a 
short  time  by  moderate  pressure,  and  then  carefully  replacing 
the  scalp  flap  over  it.  The  method  is  certainly  preferable  to 
arresting  the  haemorrhage  by  a  gauze  plug,  as  it  is  not  so  liable 
to  produce  further  thrombosis.  When  the  sinus  is  completely 
divided  or  much  lacerated  a  plug  may  be,  however,  necessary. 

When  there  are  serious  symptoms  of  intracranial  pressure  a 
subtemporal  decompression  may  be  necessary  ;  it  was  performed 
in  a  few  of  our  patients.  It  is,  of  course,  a  safer  operation  than 
a  large  opening  in  the  neighbourhood  of  the  wound,  as  the  latter 
exposes  the  patient  to  the  risk  of  intracranial  infection  from  the 
septic  scalp. 

We  have,  however,  found  lumbar  puncture,  repeated  fre- 
quently if  necessary,  sufficient  to  relieve  the  pressure  symptoms 
in  several  cases. 

It  might  naturally  be  expected  that  an  injury  which  damages 
the  sinus,  or  the  lacunae  and  their  tributary  veins,  might  be 
complicated  by  the  occurrence  of  a  subdural  haemorrhage, 
especially  as  the  somewhat  similar  injuries  in  the  newly  born 
which  produce  cerebral  diplegia  have  been  shown  by  Harvey 
Gushing  to  be  frequently  associated  with  such  haemorrhage  ;  and 
one  would  on  these  grounds  be  tempted  to  perform  a  subtemporal 
decompression  in  cases  which  show  evidence  of  a  high  degree 
of  intracranial  pressure,  especially  when  prolonged  or  increasing. 
Both  operative  experience  and  post-mortem  examinations,  how- 
ever, have  made  it  clear  that  such  haemorrhage  is  rare.  When 
it  does  occur  it  takes  the  form  of  a  thin  film  of  blood  spreading 
over  the  cortex  down  to  the  base  of  the  brain — a  condition  in 
which  surgical  interference  is  unnecessary  and  undesirable.  In 
only  one  case  in  our  series  was  there  a  haemorrhage  of  such 
magnitude  as  to  need  operative  relief,  and  in  this  case  the  progress 
of  the  symptoms  gave  definite  information  before  the  operation 
was  undertaken. 

It  has  been  our  custom  to  follow  the  usual  routine 
treatment  of  head  injuries  in  cases  of  injury  to  the 
cranial  sinuses.  An  early  operation  for  the  re- 
moval of  septic  matter  is  undertaken  and  depressed 
bone  is  removed.  When  missiles  are  present  they 
are  dealt  with  as  in  ordinary  injuries  of  the  head. 
A  flap  of  fascia  from  the  thigh  forms  the  most  con- 
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venient  tissue  for  the  repair  of  lacerations.  The 
fascia  adheres  firmly  to  the  sinus  and  large  lacera- 
tions, may  be  repaired  with  ease.  The  following 
case  is  an  example  of  the  repair  of  the  longitudinal 
sinus  and  the  removal  of  missiles  from  the  sinus. 

INJURY  OF  THE  LONGITUDINAL  SINUS  AND  THE 
REMOVAL  OF  FOREIGN  BODIES 

Private  B was  wounded  on  October  12  by  a  shell.  The 

scalp  wound  was  two  and  a  half  inches  in  front  of  the  lambda, 
immediately  over  the  longitudinal  sinus. 

At  a  clearing  station  the  scalp  wound  was  enlarged  and  a 
small  drainage  tube  inserted.  The  wound  was  partly  closed 
by  three  sutures. 

The  patient  was  admitted  to  a  base  hospital  on  October  15. 
He  suffered  from  intolerable  headache.  Motor  paralysis  of  both 
legs  was  present.  The  arms  and  trunk  muscles  were  normal. 
Sensation  of  the  whole  body  was  normal.  Knee-jerks  were 
absent.  Babinski's  sign  was  present  on  the  left  side  ;  no  plantar 
reflex  was  present  on  the  right  side.  The  bladder  and  rectum 
were  normal.  Optic  neuritis  of  both  discs  was  present.  An 
X-ray  examination  showed  a  depressed  fracture  almost  at  the 
vertex  of  the  head,  about  two  and  a  half  inches  in  front  of  the 
lambda.  Two  fragments  of  shrapnel  were  localized  3  cm.  from 
the  surface. 

Operation,  October  16.  Under  local  anaesthesia  and  a  small 
amount  of  equal  parts  ether  and  chloroform,  the  wound  was 
excised  and  converted  into  a  long  antro-posterior  incision.  A 
disc  of  bone  was  removed  half  an  inch  from  the  fracture  and 
the  depressed  fragments  were  removed.  Severe  haemorrhage 
occurred  from  the  longitudinal  sinus,  into  which  one  of  the 
fragments  had  penetrated.  This  was  immediately  controlled 
by  placing  a  finger  into  the  laceration. 

The  dura  mater  was  uninjured  except  for  the  wound  of  the 
sinus.  It  was  obvious  that  the  fragments  were  not  in  the  brain, 
as  was  suspected  before  the  operation,  but  that  they  had  entered 
the  longitudinal  sinus.  A  scoop  was  introduced  into  the  sinus 
through  the  laceration,  the  haemorrhage  being  controlled  as 
much  as  possible  by  keeping  a  finger  in  the  hole  in  the  sinus. 
The  scoop  was  felt  to  touch  metal,  and  the  fragments  were  picked 
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up  and  removed.  The  condition  of  the  patient  being  rather 
serious,  the  sinus  was  packed  with  gauze  and  the  wound  left 
open.  Two  days  later  a  piece  (two  and  a  half  by  one  inch)  of 
the  fascia  lata  was  cut  from  the  thigh  ;  the  fascia  was  placed 
upon  a  piece  of  jaconet  somewhat  larger  than  the  fascia,  and 
by  placing  the  fascia  supported  by  jaconet  over  the  dura  to  one 
side  of  the  wound  in  the  sinus,  and  withdrawing  the  gauze  and 
immediately  pressing  the  fascia  down  upon  the  remainder  of 
the  exposed  dura  the  repair  of  the  laceration  was  effected  without 
much  loss  of  blood.  Firm  pressure  was  maintained  for  a  minute, 
when  it  was  found  that  the  fascia  had  adhered  firmly  to  the 
dura. 

An  operation  was  undertaken  a  few  days  later  in  order  to  close 
the  scalp  wound.  It  has  been  found  necessary  to  cut  the  f ascial 
flap  much  larger  than  might  be  expected.  A  piece  of  fascia  as 
large  as  the  palm  of  a  hand  when  excised  contracts  so  much  that 
it  will  not  be  found  to  be  too  large  for  the  repair  of  a  compara- 
tively small  laceration.  The  success  of  the  operation  depends 
largely  upon  the  fascia  being  of  sufficient  size. 

The  patient  suffered  from  severe  headache,  which  was  worse 
at  night  for  a  fortnight  after  the  operation.  He  recovered  the 
use  of  his  right  leg  a  week  after  the  shrapnel  was  removed. 
Three  weeks  after  the  operation  the  patient  had  completely 
recovered  the  use  of  his  legs  ;  his  temperature  and  pulse  were 
normal,  and  his  mental  faculties,  which  had  been  dull  for  a 
fortnight  after  the  operation,  had  recovered. 

Increased  Intracranial  Pressure.  Whatever  opera- 
tion is  performed  as  a  primary  measure,  careful  watch 
must  be  made  for  the  appearance  of  signs  of  intra- 
cranial  pressure  for  which  spinal  puncture  or  an 
early  decompression  operation  is  indicated. 

Fungus  cerebri  may  be  regarded  as  a  symptom 
of  increased  intracranial  pressure.  In  the  cases 
under  consideration  it  is  usually  due  to  the  presence 
of  foreign  material  or  abscess  in  the  brain,  or  more 
diffuse  encephalitis  or  meningitis.  It  will  there- 
fore be  prevented  by  removing  the  foreign  body 
and  draining  the  abscess,  or  by  making  a  sufficient 
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FRAGMENTS  OF  SHELL  IN  TH  K  SUPERIOR 

LONGITUDINAL   SIM  S 
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The  missiles  seen  in  the  plate  are  lying  in  the  superior  longitudinal 
sinus.  The  wound  of  entrance  may  be  'seen  above  the  missiles.  The 
skull  was  trephined  and  the  depressed  fragments  of  bone  removed.  The 
fraginents  were  then  felt  for  with  a  scoop  and  removed  from  the  sinus. 
The  hole  in  the  sinus  admitted  the  tip  of  the  index  finger—this  laceration 
was  repaired  by  covering  it  with  a  piece  of  fascia  lata  cut  from  the  thigh. 
In  the  plate,  the  foreign  bodies  appear  to  be  deeper  than  the  longitudinal 
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primary  decompression  when  the  intracranial  pres- 
sure is  high.  If,  however,  fungus  begins  to  appear 
after  a  complete  primary  operation,  withdrawal 
of  10-20  c.c.  of  cerebro-spinal  fluid,  very  slowly, 
by  lumbar  puncture,  may  be  tried.  The  hernia 
should  be  watched  during  the  removal  of  the  fluid, 
and  sudden  diminution  in  the  size  of  the  hernia 
avoided. 

Lumbar  Puncture  is  useful  in  relieving  pressure  either  during 
the  concussion  stage  or  later.  It  is  a  safe  procedure  when  the 
dura  mater  is  intact,  but  considerable  caution  is  necessary  when 
this  membrane  is  lacerated.  Under  the  latter  circumstances  the 
withdrawal  of  fluid  may  either  cause  a  spread  of  infection  directly, 
or  the  sudden  reduction  of  pressure  may,  by  allowing  the  brain 
to  fall  away  from  the  surface,  break  down  the  adhesions  between 
the  pia-arachnoid  and  the  dura  mater,  and  so  expose  the  meninges 
to  infection. 

When,  therefore,  lumbar  puncture  is  done  in  the  presence  of 
a  wounded  dura  mater,  whether  for  diagnostic  purposes  or  for 
the  relief  of  pressure,  only  a  small  quantity  of  cerebro-spinal 
fluid,  e.g.  two  to  six  drachms,  should  be  removed  at  a  time.  The 
puncture  may  be,  however,  repeated  frequently,  if  necessary. 

Memorandum  of  Treatment. 

Subdural  Haemorrhage.  The  treatment  of  sub- 
dural  haemorrhage  may  form  part  of  the  original 
treatment  of  the  injury  or  of  that  of  an  increased 
intracranial  pressure  becoming  apparent  at  a  late 
date.  Increasing  drowsiness,  slow  pulse,  and  optic 
neuritis,  are  the  principal  signs  of  pressure  from  this 
cause,  and  vomiting  usually  occurs.  The  treatment 
consists  of  turning  down  a  scalp  flap  and  trephining 
in  the  locality  of  the  fracture.  The  fractured  area 
and  surrounding  bone  are  freely  removed  with  a 
Sargent's  forceps  and  the  dura  opened  by  a  crescentic 
incision  which  passes  two-thirds  the  way  round  the 
exposed  dura,  about  half  an  inch  from  the  bony 
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margin.  A  flap  with  a  pedicle  below  is  formed  by 
the  incision.  The  clot  is  removed  by  a  stream  of 
water  assisted  by  the  finger.  The  bleeding,  which 
is  usually  found  to  be  coming  from  a  superficial 
injury  of  the  brain  which  has  lacerated  a  cerebral 
vessel,  should  be  arrested  by  passing  a  suture  of  the 
finest  catgut  under  the  vessel  by  means  of  a  fine 
smooth  needle.  If  the  tissue  is  too  friable  to  hold 
the  suture,  a  piece  may  be  cut  from  the  temporal 
muscle,  and  placed  over  the  bleeding  area.  The  dural 
flap  is  then  replaced  and  the  haemorrhage  will  cease. 
The  following  case  is  a  good  example  of  sub- 
dural  haemorrhage  of  late  occurrence  from  injury 
to  the  brain  without  laceration  of  the  dura  : 

Sergeant  B was  wounded  on  August  1, 1915.     A  glancing 

bullet  had  wounded  the  scalp  over  the  right  posterior  parietal 
area.  The  wound  was  explored  on  the  following  day  at  a 
casualty  clearing  station.  No  depression  of  bone  was  apparent, 
so  the  wound  was  excised  and  sutured.  The  patient  was  trans- 
ferred to  a  base  hospital.  On  August  8,  1915,  there  was  a  slight 
discharge  from  the  wound.  X-ray  showed  a  horizontal  fissured 
fracture.  Motor  and  sensory  symptoms  normal.  Reflexes  and 
ocular  symptoms  normal.  Mental  attitude  rather  drowsy  and 
apathetic,  restless.  Pulse,  56  ;  temperature,  100°.  The  patient 
was  placed  in  an  observation  ward  reserved  for  head  cases.  His 
condition  improved  three  days  later.  Temperature  normal ; 
pulse,  65  ;  less  apathetic,  appetite  good,  bowels  constipated. 
The  wound  healed  and  the  sutures  were  removed.  The  patient 
continued  to  do  well,  with  the  exception  of  slight  apathy,  until 
August  19,  when  vomiting  occurred.  On  August  20  the  patient 
again  vomited,  was  much  more  drowsy  and  refused  his  food. 
Pulse,  60  ;  temperature,  99°.  August  21,  patient  drowsy  and 
apathetic,  vomited  once.  Optic  neuritis  present  on  both  sides 
in  a  slight  degree.  Pulse,  60  ;  temperature,  100°.  Lumbar 
puncture,  20  c.c.  of  cerebro-spinal  fluid  drawn  off.  Slight 
improvement  but  still  drowsy.  August  22,  mental  condition 
as  before.  Pulse,  58.  Another  lumbar  puncture  performed  ; 
in  the  evening  pulse  48,  very  drowsy. 
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Operation.  A  flap  was  turned  down,  the  original  wound  being 
in  the  centre  of  the  flap.  Evidence  of  a  fissured  fracture  was 
present,  but  no  depression  was  obvious.  The  skull  was  trephined 
and  the  dura  exposed  by  cutting  away  bone  with  Sargent's 
forceps,  to  the  extent  of  an  oval  three  inches  by  two  and  a  half. 
The  dura  was  bulging  and  non-pulsating,  but  uninjured.  The 
dura  was  then  incised,  and  a  large  clot  lay  beneath  it.  When 
this  was  removed,  a  dark  clot  of  old  standing  was  washed 
away  from  beneath  the  bone  margin.  There  was  laceration  of 
brain  matter  in  the  centre  of  the  exposed  area  from  which 
blood  was  still  flowing  from  an  injured  vessel.  An  attempt 
was  made  to  secure  the  vessel  with  a  suture,  but  the  tissue  was 
too  friable,  so  the  bleeding  was  stopped  with  a  piece  of  muscle. 
The  wound  was  closed  without  drainage. 

OPERATIONS  UPON  GUNSHOT  WOUNDS  OF 
HEAD 

The  Time  and  Place  of  Operation.  Two  important 
problems  have  to  be  considered  concerning  these 
injuries,  firstly  when  should  head  injuries  be  operated 
upon,  secondly  what  operation  should  be  performed. 
Considerable  difference  of  opinion  exists  upon  the 
subject,  and  in  this  chapter  the  views  given  are 
intended  to  present  a  working  hypothesis  founded 
on  the  methods  followed  by  a  number  of  surgeons. 

The  evil  effects  of  gunshot  wounds  of  the  head 
may  be  attributed  to  the  gross  damage  inflicted 
by  the  missile,  to  the  septic  infection  introduced  by 
the  missile,  and  to  increased  intracranial  pressure. 
The  treatment  of  these  injuries  is  directed,  firstly 
to  the  immediate  saving  of  life,  secondly  to  the  pre- 
vention of  traumatic  sequelae.  The  damage  which 
the  missile  has  inflicted  upon  the  brain  is  beyond 
surgical  aid,  the  treatment  can  only  be  directed 
towards  the  removal  of  pressure  from  the  brain  or 
the  removal  of  foreign  bodies.  The  septic  matter 
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may  be  introduced  directly  into  the  cranium,  e.g. 
a  piece  of  cloth  or  hair  carried  in  by  the  missile  ; 
or  the  infection  may  spread  from  a  septic  scalp 
wound.  The  treatment  indicated  at  an  early  stage 
for  the  removal  of  pressure  on  the  brain  and  the 
removal  of  the  sepsis  is  mechanical,  cutting  away 
of  septic  tissue  and  cutting  away  or  elevating  de- 
pressed bone.  In  theory,  the  time  for  such  an 
operation  is  immediately  the  patient  comes  under 
treatment.  The  difficulties  in  practice  are  that  in- 
vestigations of  the  local  and  general  effects  of  the 
injury  require  to  be  carried  out.  that  an  X-ray 
examination  is  almost  indispensable  and  that  the 
operation  must  be  carried  out  under  perfectly 
aseptic  surgical  conditions.  Casualty  clearing 
stations  and  field  ambulances  will  differ  materially 
in  different  phases  of  a  campaign  in  equipment, 
personnel,  and  the  time  which  they  are  able  to 
retain  the  patients  after  operation.  It  will  depend 
upon  these  conditions  whether  the  patient  will 
benefit  more  by  an  early  operation  at  an  ambulance 
or  clearing  station,  or  whether  he  had  better  be 
transferred  to  the  base  for  operation.  If  the  clearing 
hospital  is  specially  equipped  and  staffed  for  the 
performance  of  cranial  surgery,  and  the  pressure  of 
work  will  allow  the  patient  to  remain  for  some  time 
after  the  operation,  the  clearing  station  will  be  the 
place  of  choice  for  operation  upon  all  cranial  injuries. 
Patients  suffering  from  meningeal  and  sub- 
dural  haemorrhage  may  present  symptoms  of  definite 
increase  of  intracranial  pressure  with  drowsiness 
increasing  to  unconsciousness.  The  only  chance  of 
saving  such  patients  is  to  operate  upon  them  in 
the  field  ambulance  or  clearing  station. 
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The  experiences  of  war  have  differed  in  the 
various  areas,  therefore  in  some  cases  the  practice 
of  sending  patients  direct  to  casualty  clearing 
stations  for  operation  has  increased.  In  others  the 
field  ambulances  and  clearing  stations  were  in  the 
same  town,  the  accommodation  was  much  the  same 
in  each  unit  and  it  was  found  advisable  to  operate 
upon  many  cases  in  the  field  ambulance.  The 
question  depends  upon  the  phase  of  the  campaign, 
whether  the  units  are  remaining  for  months  in  the 
same  buildings  or  are  moving  every  few  days,  and 
whether  the  accommodation  is  good  or  not.  In  some 
cases  field  ambulances  and  clearing  stations  have 
been  quartered  in  private  civilian  nursing  homes 
possessing  accommodation  equal  to  any  obtainable 
at  the  base  ;  in  other  cases  they  have  been  billeted 
temporarily  in  schools  or  other  improvised  build- 
ings. 

Indications  for  Early  Operative  Treatment.  Wounds 
of  the  head  show  a  marked  tendency  to  heal  by  first 
intention  if  the  septic  area  is  removed.  They  show 
an  equal  tendency  to  become  secondarily  infected 
if  the  wound  is  open.  It  has  been  a  matter  of 
common  experience  in  the  past  that  for  head  opera- 
tions to  be  successful  the  incisions  must  be  healed 
before  the  hair  grows  again. 

Operation  by  a  small  incision  through  the  scalp 
wound,  a  small  trephine  hole  and  direct  drainage 
from  the  brain  through  the  open  wound  would  ap- 
pear quite  a  rational  method,  but  it  is  most  unsuc- 
cessful. A  septic  meningitis  may  follow.  If  the 
patient  escapes  septic  meningitis  a  spreading 
oedema  of  the  brain  often  occurs,  followed  by  a 
hernia  cerebri. 
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If  the  septic  scalp  and  damaged  bone  be  removed 
and  the  wound  irrigated  with  sterile  saline  solution, 
a  mechanical  cleansing  of  the  wound  has  been  carried 
out  and  the  wound  can  be  closed  without  drainage 
with  advantage.  If  septic  matter  has  penetrated 
the  brain  the  wound  must  be  drained,  but  cases  with 
injured  dura  and  no  apparent  penetration  of  sepsis 
may  be  sewn  up  direct. 

A  compound  fracture  of  the  limbs  treated  early 
can  be  rendered  sufficiently  sterile  to  heal  by  first 
intention  by  mechanical  cleaning,  excision  of  the 
wound  and  irrigation.  A  compound  fracture  of 
the  skull  treated  on  the  same  lines  will  heal  by 
primary  union. 

There  is  a  definite  indication  for,  and  a  very  dis- 
tinct advantage  in,  closing  head  operation  wounds 
and  avoiding  drainage.  Following  the  injury  there 
is  an  increase  of  intracranial  pressure  which  favours 
the  occurrence  of  hernia  cerebri  should  a  trephine 
opening  be  made  and  drainage  instituted.  The 
sources  of  sepsis  in  the  scalp  are  so  many  that  second- 
ary infection  through  the  drainage  opening  is  liable 
to  occur. 

For  the  purpose  of  immediate  treatment,  head 
injuries  in  the  early  stages,  when  brought  to  the 
field  ambulance  or  clearing  station,  may  be  divided 
into  three  classes,  glancing  wounds,  through  wounds, 
and  retained  missile  wounds.  These  three  classes 
require  different  operative  treatment.  Varying 
degrees  of  urgency  govern  the  time  of  operation  in 
these  cases. 

Glancing  wounds  are  liable  to  cause  fractures  in 
which  the  inner  table  is  extremely  damaged  but 
in  some  cases  the  dura  may  escape  perforation. 
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A  meningeal  haemorrhage  may  complicate  these 
fractures.  Operations  for  the  elevation  of  fragments 
for  the  relief  of  intracranial  pressure,  caused  by 
meningeal  or  subdural  haemorrhage,  are  indicated 
at  an  early  stage.  "  Through  "  wounds  are  likely 
to  cause  extensive  comminution  at  the  exit  wound, 
and  also  meningeal  and  subdural  haemorrhage  and 
pressure  of  fragments  upon  the  brain.  A  long  track 
which  is  liable  to  become  septic  exists  through  brain 
matter.  The  patient's  chances  depend  largely  upon 
relief  of  pressure  and  removal  of  septic  matter  at 
an  early  stage.  Head  injuries  with  retained  mis- 
siles require  X-ray  examination  before  operation. 
As  a  rule  they  will  have  to^be  sent  to  the  base 
for  operation.  The  single  wound  of  entrance  dis- 
tinguishes this  class  of  injury  from  the  others  and 
it  is  a  simple  matter  to  classify  the  cases  with  single 
wounds  of  entrance  with  no  exit  wound,  for  transfer 
to  the  base  for  careful  investigation. 

The  Choice  of  Time  for  Operations  upon  Gunshot 
Wounds  of  the  Head.  There  are  three  periods 
during  which  operations  may  be  required  for  the 
treatment  of  head  injuries.  An  operation  may  be 
required  shortly  after  the  injury,  for  the  relief  of 
symptoms  of  intracranial  pressure  due  to  haemor- 
rhage. Postponement  of  operation  will  lead  to  fatal 
results  and  the  success  of  such  operations  performed 
at  an  early  stage  is  remarkable.  Patients  with 
depressed  fractures  accompanying  glancing  wounds 
and  with  bony  fragments  driven  into  the  brain,  which 
are  operated  upon  at  an  early  stage  are  saved,  to  a 
great  extent,  the  risk  of  sepsis  to  which  they  are 
subjected  if  the  treatment  is  delayed.  Such  sepsis 
as  may  be  present  can  usually  be  removed  by 
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excision  of  the  wound  and  removal  of  the  fractured 
bone  together  with  irrigation.  The  infection 
will  not  have  spread  at  this  stage  and  it  will  be 
superficial  in  distribution.  In  one  field  ambulance 
alone  fifty  cases  operated  upon  shortly  after  injury 
were  able  to  leave  the  ambulance  with  their  opera- 
tion and  bullet  wounds  healed  by  primary  union. 
The  alternative  to  operating  as  soon  as  possible 
after  the  injury  is  to  wait  until  adhesions  have 
formed  between  the  dura  mater  and  pia-arachnoid 
membranes.  The  infection  may  be  limited  by  these 
rapidly  forming  adhesions,  and  an  operation  may 
be  undertaken,  carefully  avoiding  breaking  them 
down.  The  objection  to  this  method  of  treat- 
ment is  that  the  infection  may  spread  in  spite  of 
the  formation  of  adhesions.  If  the  infection  is 
limited,  the  local  condition  may  be  most  un- 
favourable when  the  time  for  the  operation  arrives, 
a  local  abscess  may  be  present,  or  infection  may 
have  spread  along  the  bony  fragments  into  the  brain 
substance.  Here  there  are  no  adhesions  to  limit 
infection  and  it  may  be  quite  impossible  to  remove 
the  indriven  fragments  without  lacerating  the  adhe- 
sions between  the  membranes. 

The  second  period  during  which  an  operation  may 
be  required  is  some  days  after  the  injury.  The 
patient  will  either  have  been  detained  in  a  casualty 
clearing  station,  or  transferred  to  the  base.  The 
cases  which  are  operated  upon  at  this  period  are 
cases  which  were  not  operated  upon  earlier  because 
they  required  X-ray  examination,  cases  which  have 
developed  symptoms  of  cerebral  compression  owing 
to  haemorrhage  or  sepsis,  and  cases  in  which  the 
exigencies  of  war  have  compelled  delay  in  opera- 
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tion.  The  last  class  will  include  minor  cases  of 
excision  of  scalp  wounds. 

The  third  period  is  at  a  later  date  when  the  pri- 
mary wounds  have  had  time  to  heal.  Some  cases 
of  subdural  haemorrhage  cause  symptoms  of  com- 
pression only  at  a  period  remote  from  the  injury. 
Decompression  operations  may  be  required  for  cases 
of  cerebral  hernia  following  an  earlier  trephining. 
Some  cases  of  cerebral  hernia  develop  in  patients 
who  have  been  trephined  although  the  scalp  has 
healed  aseptically.  Such  cases  present  a  subcu- 
taneous hernia  and  increasing  symptoms  of  com- 
pression. 

The  observation  of  patients  from  convalescent 
camps,  base  depots,  etc.,  has  shown  that  cases  of 
local  epilepsy  are  of  frequent  occurrence  even  at 
a  short  period  after  the  injury.  Instances  have  not 
been  infrequent  in  which  patients  have  left  hospital 
with  healed  scalp  wounds,  fracture  not  having  been 
apparent,  and  have  been  re-admitted  from  conva- 
lescent depots  suffering  from  epilepsy. 

Captain  Roberts  found  that  out  of  140  scalp 
wounds  sent  to  the  base  58  were  suffering  from  frac- 
ture of  the  skull  and  arrived  at  the  following  con- 
clusions. 

To  sum  up,  the  methods  adopted  in  this  hospital  are  : 

(1)  Careful  preliminary  examination. 

(2)  Early  operation  on  every  scalp  wound,  however  slight. 

(3)  Complete  excision  of  septic  tissues  at  the  commencement 
of  the  operation. 

(4)  Removal  of  all  accessible  foreign  bodies  from  the  brain. 

(5)  Primary  suture  of  wounds. — B.M.J.,  October  2,  1915. 
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Operations : 

For  removal  of  septic  I 
tissue.  Cleansingj 
operations. 

For  removal  of  de- 
pressed fragments 
of  bone. 

For  removal  off 
foreign  bodies.  } 

For  relief  of  intra- 
cranial  pressure. 

For  the  drainage  of 
an  abscess. 


Excisions  of  scalp  wounds. 
Removal  of  bone  fragments. 
Extraction  of  cloth,  etc.,  from 

wound. 

Simple  removal  of  fragments. 
Removal  of  fragments  which 

have  perforated  the  dura. 

(1)  At  an  early  stage. 

(2)  At  a  later  stage. 
Supradural. 
Subdural. 

TT  (Meningeal. 

Haemorrhage  * 

Encephalitis. 
Abscess. 


Operations  for  the  Removal  of  Septic  Matter  in 
Cases  with  Uninjured  Dura.  (1)  The  majority  of 
scalp  wounds  should  be  excised.  It  is  a  convenient 
way  of  getting  rid  of  septic  matter  which  may  not 
only  delay  convalescence  but  may  lead  to  infection 
of  the  deeper  structures.  The  large  number  of 
unsuspected  fractures  which  underlie  apparently 
innocent  scalp  wounds  makes  their  excision  advis- 
able. 

The  following  case  illustrates  the  dangers  which 
may  attend  an  apparently  innocent  scalp  wound, 
and  the  danger  of  an  unexplored  fracture  : 

Private  P was  wounded  on  February  2, 1915,  by  a  glancing 

shot,  which  grazed  the  left  temple  three  inches  behind  and  two 
inches  above  the  external  angular  process,  causing  a  scalp  wound 
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two  inches  long  and  half  an  inch  wide.  The  patient  was  trans- 
ferred to  the  base,  the  scalp  wound  being  dressed  with  wet 
cyanide  gauze.  Ten  days  later,  when  the  wound  was  scabbed 
over,  the  patient  developed  signs  of  intracranial  pressure.  There 
was  paresis  of  the  right  side,  headache,  optic  neuritis,  and 
drowsiness.  The  patient's  temperature  went  up  to  103°.  A 
flap  was  turned  down  and  the  bone  examined  ;  no  obvious 
fracture  was  present,  but  a  small  fissure  was  detected  after 
careful  search.  The  bone  was  trephined,  and  the  dura  found 
to  be  tense  and  non-pulsating,  but  no  pus  was  found  superficial 
to  the  dura  ;  the  dura  was  opened  and  about  an  ounce  of  pus 
was  washed  away.  The  wound  was  freely  drained  and  dressed 
with  saline  solution.  The  patient  developed  septic  meningitis, 
and  died  a  few  days  later. 

The  scalp  is  shaved  over  a  large  area  around  the 
wound  and  cleaned  with  ether  and  tincture  of  iodine. 
The  wound  is  cut  out  by  an  elliptical  incision  clearing 
the  septic  area.  The  incision  passes  down  to  and 
includes  the  pericranium.  If  a  large  amount  of 
tissue  has  been  removed  it  may  be  necessary  to 
undercut  the  scalp.  Local  infiltration  with  novocain 
and  adrenalin  solution  has  been  found  a  satisfactory 
method  of  anaesthesia. 

(2)  The  Removal  of  Fragments  of  Bone.  When 
the  wound  has  been  excised  the  damage  to  the  bone 
can  be  easily  examined.  In  some  cases  bony  frag- 
ments can  be  removed  with  dissecting  forceps  and 
the  surrounding  bone  cut  away  with  Sargent's 
forceps  without  the  use  of  trephine  ;  in  other  cases 
a  trephine  opening  is  made  some  distance  from  the 
fracture  and  the  bone  cut  away  from  the  trephine 
opening  towards  the  fracture.  The  dura  being 
unlacerated  the  operation  is  completed  by  suturing 
the  scalp. 

The  Memorandum  recommends  a  fairly  large 
opening  : 
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Bony  Opening.  Less  damage  is  done  to  the  brain  by  working 
through  a  trephine  hole  made  at  a  little  distance  from  the  fracture 
than  by  attempting  to  use  the  original  opening  as  a  starting  - 


FIG.  28.     Infiltration  of  the  scalp  with  local  anaesthetic 
solution  containing  adrenalin. 

point.  An  area  of  bone  should  be  removed  large  enough  to 
expose  at  least  an  inch  of  normal  dura  around  the  wound  in  that 
membrane. — Memorandum  of  Treatment,  July  1915. 

(3)  The  Extraction  of  Superficial  Foreign  Bodies, 
Shrapnel,  Shell  Fragments,  Fragments  of  Cloth, 
and  Hair.  The  scalp  wound  is  excised  with  the 
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pericranium  and  the  foreign  matter  is  removed, 
If  loose  fragments  of  bone  are  present  they  are 
removed  and  the  surrounding  edges  of  bone  cut 
away.  The  whole  operation  is  cariied  out  under  a 
stream  of  saline  solution.  The  wound  should  be 
left  open  if  cloth  or  other  septic  matter  has  been 
removed,  and  dressed  with  5  per  cent,  saline 
solution  for  a  day  or  two,  when  the  wound  can  often 
be  closed  by  secondary  suture. 

Operations  for  the  Removal  of  Depressed  Frag- 
ments of  Bone. 

(1)  The  Removal  of  Fragments   which  have  not 
Perforated  the  Dura  Mater.     The  simple  removal  of 
fragments  may  be  carried  out  as  described  under 
the  operations  for  the  removal  of  septic  matter. 

(2)  The  Removal  of  Depressed  Fragments  in  Cases 
associated  with  Perforation  of  the  Dura. 

(a)  Cases  Operated  upon  at  an  Early  Stage.  If 
the  patient  be  operated  upon  soon  after  the  injury 
the  septic  infection  will  be  superficial  in  the  case  of 
glancing  wounds  and  even  in  the  case  of  wounds 
with  entrance  and  exit  wounds.  The  treatment 
of  the  wounds  is  usually  followed  by  an  aseptic 
result.  The  protection  of  adhesions  which  form 
between  the  dura  and  pia  arachnoid  cannot  be 
counted  on  at  this  early  stage.  In  this  class  of  case 
it  may  be  presumed  that  the  scalp  is  septic  and 
that  the  deeper  structures,  the  brain  and  meninges 
are  aseptic.  The  object  to  be  attained  by  opera- 
tion is  therefore  a  removal  of  the  septic  tissue  and 
an  interposition  of  a  barrier  between  the  scalp  and 
the  brain. 

The  Incision.  In  simple  cases  time  may  be  saved 
by  enlarging  the  wound  made  by  the  excision  of  the 
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wound.  Retraction  of  the  edges  of  the  scalp  will 
usually  give  sufficient  room  for  a  simple  trephining 
operation  and  removal  of  the  depressed  bone  frag- 
ments. In  cases  which  are  not  drained  the  wound  is 
sutured  in  the  form  of  a  simple  linear  wound.  This 
incision  is  unsuitable  for  extensive  operations,  and 
those  cases  in  which  the  excision  would  leave  too 


FIG.  29.  The  bullet  wound  of  the  scalp  has  been  excised 
and  a  large  flap  made.  A  fracture  of  the  skull  is  seen  in  the 
centre  of  the  exposed  bone.  By  trephining  below  and  clear 
of  the  fracture  and  cutting  around  its  site  all  septic  matter 
can  be  removed  en  masse. 

large  an  area  to  be  closed  as  a  linear  wound.  If  a 
flap  incision  is  preferred  it  should  be  a  fairly  large 
one,  as  it  is  difficult  to  obtain  an  increase  of  room 
once  a  flap  has  been  made,  The  advantages  of  a  flap 
incision  over  a  linear  one  are  :  the  surgeon  has  more 
room  to  work  in  comfort  (the  straight  incision  is 
liable  to  possess  the  usual  demerits  associated  with 


GUNSHOT  WOUNDS  OF  HEAD         189 

operations  performed  through  too  small  an  opening) 
and  the  brain  and  membranes  can  be  walled  off  from 
the  scalp  wound  by  a  flap  of  tissue  cut  from  the  deep 
surface  of  the  scalp  wound.  The  advantages  of  this 
secondary  flap  protecting  the  deep  portion  of  the 
operation  field,  presumably  aseptic,  from  the  scalp 
wound  and  its  sutures,  will  be  apparent.  We  owe 
this  very  valuable  modification  'to  Sargent.  A 
straight  incision  always  leaves  the  wound  and  later 
the  scar  immediately  over  the  unprotected  brain. 
It  is  important  to  obtain  accurate  apposition  of  the 
wound  edges  ;  a  continuous  suture  of  thread  with 
the  stitches  fairly  close  together  controls  the  scalp 
hsemorrhage,  provides  accurate  apposition  and  is 
quickly  completed. 

The  disc  of  bone  is  removed  at  a  short  distance 
from  the  fracture  unless  the  fragments  can  be 
at  once  removed  with  ease  ;  the  edge  of  the  bony 
opening  is  cut  away  with  Sargent's  forceps  until 
a  regular  and  smooth  margin  is  obtained  clear  of 
the  injured  dura.  It  is  often  possible  to  deal  with 
the  fractured  and  possibly  infected  bone  on  the 
same  lines  as  septic  wounds  of  soft  parts  are  dealt 
with,  namely  by  excising  the  damaged  bone  in 
toto.  The  trephine  opening  is  made  to  one  side 
of  the  fracture  and  by  means  of  bone  forceps  an 
incision  is  cut  around  the  damaged  bone.  The 
fracture  and  septic  tissue  can  in  this  manner  be 
removed  without  fear  of  spreading  infection.  The 
depressed  fragments  are  very  carefully  removed 
with  dissecting  forceps.  If  fragments  have  been 
driven  into  the  brain  and  have  been  removed,  the 
track  should  be  explored  with  the  finger  in  order 
that  any  further  concealed  fragments  may  be 
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detected.  The  operation  is  carried  out  under  a 
stream  of  saline  solution.  The  scalp  flap  is  then 
sutured,  drainage  is  not  employed  unless  an  abscess 
has  been  encountered.  Drainage-tubes  are  inserted 
at  the  lower  ends  of  the  flap  by  some  surgeons. 


FIG.  30.  The  wound  has  been  excised  by  an  incision 
carried  down  to  the  bone  and  the  whole  thickness  of  the  scalp 
including  the  pericranium,  removed.  A  large  flap  has  been 
turned  down  and  the  excised  wound  closed  on  the  deep 
surface  by  reflecting  a  small  flap  from  the  deep  surface  of 
the  scalp.  The  object  of  this  method  is  to  make  a  barrier 
between  the  brain  and  the  scalp  and  to  obviate  the  pressure 
of  a  cutaneous  wound  and  sutures  across  the  surface  of  the 
exposed  brain. 

Closure  of  Wounds  in  the  Scalp.  In  certain  wounds  which 
are  not  seriously  infected,  a  more  rapid  and  favourable  re- 
covery may  be  obtained  by  covering  the  exposed  brain  by 
scalp  tissue,  after  it  has  been  carefully  cleansed  by  irrigation, 
and  the  disintegrated  cerebral  matter  washed  away  ;  but  efficient 
lateral  drainage  must  be  provided. 

It  is  rarely  possible  to  bring  the  edges  of  the  excised  scalp 
wound  together,  and  even  if  this  can  be  done,  it  makes  the  scalp 
flap  so  tense  that  proper  drainage  cannot  be  obtained  from 
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beneath  it.  A  very  satisfactory  method  of  obtaining  a  covering 
is  by  dissecting  flaps  from  the  under  surface  of  the  scalp,  which 
can  be  brought  across  and  sutured  to  the  under  surface  of  the 
excised  wound.  Drainage  is  then  obtained  by  a  long  well- 
fenestrated  tube  which  is  placed  across  the  dural  opening  and 
projects  at  each  end  from  under  the  edges  of  the  flap,  or  by  two 
such  tubes  coming  from  opposite  edges  of  the  flap  which  meet 
at  the  dural  opening.  This  permits  free  drainage  and  frequent 
irrigation  of  the  cerebral  wound. — Memorandum  of  Treatment. 

The  Control  of  Hcemorrhage.  In  order  to  control 
the  very  considerable  haemorrhage  which  may  occur 
form  a  large  flap  incision,  the  following  procedures 
are  available  : 

Local  infiltration  of  the  scalp  in  the  line  of  the 
proposed  incision.  A  solution  of  half  per  cent, 
novocain  to  which  is  added  sulphate  of  potassium 
ninety  grains,  and  a  drachm  of  adrenalin  solution  to 
eight  ounces.  Very  little  bleeding  occurs  and  shock 
is  avoided.  A  general  anaesthetic  is  not  necessary 
but  a  small  amount  of  ether  administered  by  the  open 
method  has  been  found  an  advantage. 

A  number -twelve  catheter  passed  round  the  head 
at  the  level  of  the  root  of  the  nose  to  the  external 
occipital  protuberance  and  clamped  with  forceps  will 
control  haemorrhage.  The  tendency  to  slip  over  the 
eyebrows  into  the  eyes  must  be  met  by  clipping  the 
rubber  to  the  scalp  or  by  passing  a  tape  under  the 
catheter  from  the  root  of  the  nose  to  the  external 
occipital  protuberance  in  the  line  of  the  longitudinal 
sinus  and  tying  the  ends  of  the  tape  over  the 
catheter.* 

Hcemorrhage  from  Bone  can  usually  be  controlled 

*  This  method,  together  with  the  use  of  scalp  clips  which 
underpin  vessels,  and  underrunning  sutures  have  been  aban- 
doned by  us.  The  local  infiltration  is  so  much  more  efficient. 
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by  cutting  a  piece  of  muscle  from  that  exposed  in  the 
wound  and  pressing  it  firmly  on  to  the  bleeding  bone. 
Sterilized  beeswax  may  be  used  in  the  same  way. 

Haemorrhage  from  Vessels  concealed  in  Bony 
Canals  can  be  controlled  by  forcing  a  piece  of  thick 
catgut,  silk,  wax,  muscle,  aponeurosis,  or  wool 
moistened  with  "  Mastisol  "  wound  varnish  into  the 
canal. 

Hcemorrhage  from  Vessels  on  the  Surface  of  the 
Brain  can  usually  be  controlled  by  cutting  a  piece 
of  muscle  from  the  temporal  or  occipito  frontalis 
muscles  and  pressing  it  lightly  upon  the  bleeding- 
point  by  means  of  a  swab  of  gauze.  A  piece  of 
fascia  will  answer  the  same  purpose.  In  cases  of 
extensive  haemorrhage  from  large  lacerations  of 
brain  fascial  grafts  of  considerable  size,  four  inches 
by  three,  have  been  cut  from  the  thigh  and  placed 
upon  the  brain. 

(b)  The  Operation  for  the  Removal  of  Depressed 
Fragments  at  a  Later  Stage.  The  conditions  differ 
from  the  early  stage  in  the  following  points  :  Sepsis 
has  probably  penetrated  to  a  greater  degree.  There 
may  be  some  rise  of  intracranial  pressure.  Pro- 
tective adhesions  will  have  formed  between  the  pia 
arachnoid  and  the  dura. 

Treatment  of  Exposed  Brain.  The  greatest  gentleness  must 
be  used  so  as  not  to  disturb  the  adhesions  which  shut  off 
the  subarachnoid  space.  If  bone  fragments  are  indriven  they 
must  be  removed,  the  finger  gently  feeling  for  them  so  as  to 
direct  the  forceps  by  which  removal  is  effected.  Should  the 
general  pressure  be  so  high  as  to  render  these  manipulations 
difficult,  owing  to  the  bulging  of  brain  into  the  opening,  a  lumbar 
puncture  may  be  done.  It  is  generally  found  that  the  removal 
of  three  or  four  drachms  of  fluid  is  sufficient  to  render  manipula- 
tion of  the  brain  easy. — Memorandum  of  Treatment. 
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The  operation  is  carried  out  in  the  same  manner 
as  in  the  preceding  instance  except  that  the  frag- 
ments should  be  removed  through  the  original 
aperture  in  the  dura  mater. 

This  opening  should  not  be  enlarged  for  fear  of 
separating  the  protective  adhesions.  Should  the  in- 
tracranial  pressure  be  raised  and  the  dura  be  non- 
pulsating,  a  spinal  puncture  may  be  made  and  two 
or  three  drachms  of  fluid  allowed  to  run  off.  The 
puncture  may  be  repeated  twelve  hours  later  and 
in  many  cases  the  increased  pressure  will  subside. 
In  the  event  of  the  symptoms  of  increased  intra- 
cranial  pressure  continuing  the  patient  must  be 
operated  upon  for  its  relief.  A  tense,  non-pulsating 
dura  will  frequently  pulsate  quite  normally  when 
the  peccant  fragments  have  been  withdrawn  from 
the  brain. 

The  following  case  illustrates  the  removal  of  de- 
pressed fragments  at  a  later  stage. 

Corporal  S was  wounded  in  the  head  on  September  2, 1915. 

A  scalp  wound  was  present  over  the  frontal  area,  three  inches 
above  the  outer  extremity  of  the  right  superciliary  ridge.  On 
the  following  day  a  piece  of  shrapnel  was  removed  from  the 
wound  at  a  clearing  station.  Six  days  after  the  injury  the 
patient  was  admitted  to  a  base  hospital.  There  were  no 
general  symptoms  with  the  exception  of  a  certain  amount  of 
headache.  A  skiagram  showed  a  depressed  fracture  beneath 
the  scalp  wound  ;  spicules  of  bone  appeared  to  penetrate  the 
brain. 

Operation.  The  scalp  was  shaved  six  hours  before  the  time 
of  operation,  cleaned  with  ether  and  painted  with  iodine  ;  a 
sterile  dressing  was  then  applied.  Open  ether,  preceded  by 
hypodermic  solution  of  atropine  gr.  — ^,  morphia  gr.  £,  was 
administered.  The  scalp  was  again  cleaned  with  ether  and 
painted  with  iodine.  The  scalp  area  surrounding  the  wound 
was  infiltrated  with  a  solution  of  novocain. 

The  scalp  wound  was  excised  by  means  of  an  elliptical  incision. 

13 
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passing  down  to  and  including  the  pericranium.  The  instru- 
ments used  were  then  discarded. 

The  wound  was  enlarged  by  extending  the  incision  at  each 
end  of  the  wound.  An  extensive  fracture,  of  the  circular  type, 
of  both  tables  of  the  skull  was  seen. 

The  pericranium  was  .cleared  from  an  area  of  bone  adjacent 
to  the  fracture  by  means  of  a  Faraboeuf  periosteal  rugine,  and 
a  disc  of  bone  removed  by  a  trephine.  A  small  margin  of  bone 
connecting  the  trephine  hole  was  cut  away  by  Sargent  forceps. 
The  superficial  fragments  of  bone  could  now  be  lifted  out  of 
the  wound  with  ordinary  dissecting  forceps.  A  ragged  hole  was 
exposed  in  the  dura,  through  which  the  end  of  a  deep  fragment 
projected.  The  dura  was  not  pulsating.  The  aperture  in  the 
dura  was  not  enlarged.  The  wound  had  been  present  for  nearly 
a  week,  and  protective  adhesions  had  formed  between  the  dura 
and  pia- arachnoid.  The  projecting  fragment  was  removed  and 
a  finger  very  gently  inserted  into  the  wound  in  the  brain.  Several 
other  fragments  which  had  been  driven  into  the  brain  could 
then  be  felt.  The  fragments  were  removed  by  feeling  them 
with  a  finger  whilst  a  pair  of  dissecting  forceps  was  passed  down 
to  them  and  then  gently  withdrawing  them  by  the  forceps.  The 
dura  now  pulsated  normally.  Some  bleeding  of  the  cut  edge 
of  the  bone  was  checked  by  cutting  a  piece  from  the  temporal 
muscle  and  pressing  it  into  the  bone  by  means  of  a  gauze  swab. 
The  scalp  wound,  without  drainage,  was  then  sutured  with 
fishing-gut.  The  wound  healed  by  primary  union,  and  the 
patient  was  discharged,  apparently  none  the  worse  for  the 
injury. 

Operations  for  the  Removal  of  Foreign  Bodies 
from  the  Brain.  Foreign  Bodies  which  have  lodged 
superficially  to  the  Dura  are  liable  to  cause  injury  to 
the  brain  by  pressure,  and  being  usually  septic  are 
a  menace,  as  suppuration,  either  superficial  or  deep 
to  the  dura,  may  result.  The  missile  may  be  dis- 
covered during  the  course  of  an  operation  for 
depressed  fracture,  by  visual  examination  of  a  scalp 
wound,  or  by  X-ray  examination. 

An  operation  should  be  undertaken  for  its  re- 
moval as  soon  as  possible  after  it  is  discovered. 
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The  scalp  wound  is  excised  and  by  an  extension  of 
the  wound  the  fracture  is  exposed.  A  disc  of  bone 
is  removed  at  a  short  distance  from  the  fracture  and, 
beginning  at  the  trephine  hole,  sufficient  bone  is  cut 
away  to  make  removal  of  the  fractured  fragments 
and  the  missile  easy.  The  dura  is  now  examined 


FIG.  31.     The  enlargement  of  the  trephine  hole  by  craniec- 
tomy  forceps. 

and  if  normal  in  colour  and  texture  and  pulsating 
the  operation  is  completed  by  suturing  the  wound. 
No  drain  need  be  used  unless  pus  has  been  encoun- 
tered. Should  the  dura  be  non-pulsating,  rough 
in  texture,  or  dark  coloured,  it  should  be  opened, 
blood  clot  may  be  beneath  the  dura  or  hemorrhage 
may  be  occurring  from  a  cortical  vessel.  In  certain 
cases  some  fluid  brain  matter  will  be  found  to  flow 
away  when  the  dura  is  opened.  This  disintegrated 
brain  matter  has  become  liquefied  by  traumatism. 
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The  whole  operation  is  conveniently  conducted  under 
a  stream  of  saline  solution,  and  the  subdural  clot 
and  disintegrated  brain  matter  are  washed  away. 
Hsemorrhage  from  cortical  vessels  will  cease  when 
a  piece  of  muscle  is  gently  pressed  upon  the  surface, 
unless  the  vessel  be  of  considerable  size,  in  which  case 
it  should  be  underrun  with  a  fine  non-cutting  needle 
and  tied  with  fine  catgut.  The  wound  is  then 
closed  without  drainage. 

Foreign  Bodies  beneath  the  Dura.  In  some  cases 
missiles  have  been  removed  which  have  peneti'ated 
the  dura  but  have  not  penetrated  deeply  into  the 
brain  substance.  The  missile  is  easily  detected 
when  the  bone  is  cut  away  and  can  be  carefully 
removed  with  forceps.  If  the  removal  is  under- 
taken at  an  early  stage  and  the  wound  well  washed 
with  saline  the  wound  may  be  expected  to  heal  by 
primary  union  without  drainage.  It  will,  of  course, 
be  necessary  to  watch  such  cases  with  care  and  if 
suppuration  is  suspected  the  wound  must  be  opened 
up  and  drained. 

In  those  cases  in  which  the  foreign  body  has 
penetrated  into  the  depths  of  the  brain  a  track  is 
made  through  the  brain  substance  by  the  missile 
and  this  track  may  be  easily  explored  without  further 
damage  to  the  brain  substance  for  some  time  after 
the  injury.  The  missile  will  almost  certainly  have 
carried  septic  matter  into  the  brain  substance  and  its 
removal  gives  the  patient  his  only  chance  of  avoiding 
septic  mischief  in  the  brain,  with  its  sequelae  of 
increased  intracranial  pressure  and  hernia  cerebri. 
The  prognosis  of  such  cases  cannot  be  described  as 
hopeful  but  it  will  depend  largely  upon  the  time 
which  has  lapsed  between  the  injury  and  the 
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operation.  These  cases  come  into  a  different  class 
to  those  previously  described.  In  the  previous 
operations  for  the  removal  of  depressed  fractures, 
etc.,  we  have  been  able  to  ensure  sufficient  cleanliness 


FIG.  32.     The  removal  of  a  missile  from  the  brain.     The 
scoop  should  be  passed  closer  to  and  parallel  with  the  finger. 

of  the  wound  by  excising  septic  tissue  and  cutting 
away  doubtful  bone.  In  these  cases  there  is  con- 
tamination of  brain  matter  which  cannot  be  treated 
in  this  way  ;  we  are  therefore  compelled  to  fall  back 
upon  drainage. 

There  is  no  need  to  make  a  flap  incision  in  these 
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cases  in  which  drainage  is  required.  The  wound 
is  excised  and  lengthened  at  each  end,  the  dura 
mater  is  explored  in  the  usual  way,  and  bone  is  cut 
away  for  about  an  inch  and  half  outside  the  lacerated 
dura.  The  dura  is  already  opened  and  the  lacera- 
tion is  not  enlarged.  Protective  adhesions  will  have 
formed  which  it  is  undesirable  to  break  through. 
The  bone  fragments  are  first  removed.  The  finger 
is  then  gently  introduced  into  the  track  in  the  brain, 
when  some  more  bone  will  usually  be  discovered  in 
the  track  which  must  be  removed  by  passing  a  scoop 
down  the  finger  and  pressing  the  fragment  into  the 
scoop.  The  missile  is  easily  reached  if  it  is  in  the 
track  and  not  too  deep.  If  the  missile  is  not  easily 
reached  it  must  be  considered  beyond  the  reach  of  the 
operator  and  no  search  for  it  must  be  undertaken.  No 
probes  or  instruments  should  be  used  to  search  for  the 
missile,  as  it  will  be  detected  by  the  finger  if  it  can  be 
reached  without  unjustifiable  damage  to  the  brain. 

The  difficult  part  of  the  treatment  of  this  con- 
dition is  the  drainage  of  the  track  ;  if  pus  is  encoun- 
tered during  the  operation,  the  track  and  abscess 
cavity  must  be  drained,  and  in  this  case  the  outlook 
becomes  most  unfavourable.  In  an  early  case 
(unfortunately  early  cases  will  rarely  be  met  with 
as  X-ray  examination  and  localization  are  required 
before  the  operation  can  be  undertaken)  it  would 
appear  to  be  justifiable  to  sew  up  without  drainage. 
Bone  fragments  have  been  removed  without  drain- 
age of  the  track  in  a  large  number  of  cases,  with 
satisfactory  results,  and  it  would  appear  rational  to 
avoid  the  dangers  of  secondary  infection,  hernia  and 
meningitis  associated  with  drainage  by  adopting 
similar  treatment  when  foreign  bodies  are  present. 
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Retained  Missiles.  It  is  not  legitimate  to  search  for  a 
supposed  retained  missile  in  the  absence  of  an  X-ray  examina- 
tion, and  a  careful  localization.  The  commonest  variety  found 
is  a  splinter  of  shell  or  shrapnel  case  ;  whole  shrapnel  bullets  and 
rifle  bullets  are  met  with  occasionally.  The  shell  splinters  are 
sometimes  multiple ;  their  removal,  even  when  accurately 
localized  and  in  accessible  positions,  is  difficult  and  dangerous. 
Many  such  cases  which  have  reached  the  base  and  been  regarded 
as  inoperable,  have  nevertheless  gone  home  improved  and 
improving.  Attempts  to  remove  easily  accessible  pieces  may 
be  made,  but  the  risks  of  increased  damage  to  the  brain  and  of 
spreading  infection  must  be  considered.  The  use  of  the  electro- 
magnet has  enabled  some  of  these  cases  to  be  dealt  with  more 
hopefully.  Missiles  which  lie  deep  in  the  cranial  cavity  or  have 
bounced  back  into  the  brain  after  impinging  upon  and  sometimes 
fracturing  the  bone,  should,  as  a  rule,  be  left  alone. 

The  essential  point  in  the  treatment  in  every  variety  of  wound 
must  be  the  provision  of  adequate  drainage  of  the  damaged  brain 
tissue. — Memorandum  of  Treatment,  July  1915. 

The  following  case  illustrates  how  simple  the 
operation  for  removing  a  foreign  body  may  be,  and 
how  the  presence  of  cloth  in  the  brain  together  with 
a  septic  piece  of  shell  makes  such  an  operation  the 
only  means  of  giving  the  patient  a  chance  of  life. 

Private  B was  wounded  on  September  27,  removed  to  a 

clearing  station,  and  transferred  to  a  base  hospital  on  Septem- 
ber 29.  A  small  scalp  wound,  the  wound  of  entrance,  was  present, 
over  the  anterior  portion  of  the  parietal  bone,  three  inches  from  the 
middle  line.  The  patient  complained  of  severe  headache,  but 
was  otherwise  well.  The  pulse,  temperature,  motor  and  sensory 
nerves  were  normal.  Skiagraphy  showed  a  large,  metallic, 
foreign  body  in  the  brain.  The  foreign  body  was  localized  and 
found  to  be  e:ght  cm.  from  the  surface. 

Operation,  September  30.  The  scalp  wound  was  excised  and 
the  wound  enlarged  at  each  end.  A  depressed  fracture  was 
then  exposed.  No  trephining  was  necessary  ;  some  prominent 
fragments  were  easily  removed  and  the  aperture  enlarged  until 
a  clear  margin  of  dura  was  exposed.  The  dura  was  tense  and 
non-pulsating  ;  a  laceration  was  present,  through  which  pro- 
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jected  a  fragment  of  bone.  The  fragment  was  withdrawn  from 
the  lacerated  dura.  It  was  then  possible  to  explore  the  brain 
without  enlarging  the  rent  in  the  dura.  Upon  passing  an  explor- 
ing finger  through  the  hole  in  the  dura  into  the  track  in  the  brain, 
a  fragment  of  bone,  situated  an  inch  deep  in  the  track,  was  dis- 
covered ;  this  fragment  was  removed  by  passing  a  scoop  along 
the  finger  and  pressing  the  fragment  against  the  scoop.  The 
finger  was  then  passed  gently  down  the  track,  following  the 
preformed  channel  without  injury  to  brain  substance  until  a 
metal  fragment  was  reached  ;  this  was  removed  in  the  same 
manner  by  passing  a  scoop  along  the  finger  and  withdrawing 
the  fragment  pressed  to  the  scoop.  Very  foul  smelling  pus 
flowed  from  the  brain  when  the  bone  fragments  were  removed. 
A  gauze  and  rubber  cigarette  drain  was  inserted  ;  the  whole 
wound  was  left  open  ;  no  sutures  were  placed  in  the  scalp.  The 
wound  was  dressed  with  saline  solution.  October  1,  the  wound 
was  very  foul  but  appeared  to  be  draining  well.  October  2, 
some  hernia  of  brain  matter.  Continuous  irrigation  of  saline 
solution  commenced.  Spinal  puncture  performed  ;  20  c.c.  of 
fluid  allowed  to  flow  away,  the  hernia  being  watched  in  the 
meanwhile  in  order  that  too  much  fluid  might  not  be  withdrawn 
and  the  hernia  suddenly  recede,  thus  breaking  down  protective 
adhesions.  October  24,  hernia  small  in  size,  some  sloughing 
of  brain  matter.  Spinal  puncture  performed ;  only  10  c.c. 
withdrawn  ;  the  fluid  was  not  under  great  pressure.  October  5, 
the  hernia  was  larger,  and  the  patient  becoming  drowsy  some 
retraction  of  head  was  present,  optic  neuritis. 

A  temporal  decompression  was  performed  on  the  same  side, 
the  foul  wound  being  carefully  excluded  from  the  area.  The 
patient  remained  drowsy  and  died  three  days  later. 

Post-mortem.  An  abscess  cavity  communicated  with  the 
lateral  ventricle,  and  in  the  lateral  ventricle  was  found  a  frag- 
ment of  bone.  A  small  fragment  of  cloth  was  found  in  the 
descending  horn  of  the  ventricle.  There  were  no  signs  of 
meningitis. 

Operations  for  the  Relief  of  Intracranial  Pressure. 
Decomposition  may  be  performed  during  the  course 
of  an  operation  for  the  removal  of  depressed  frag- 
ments or  foreign  body,  or  may  be  required  when 
operating  for  meningeal  or  subdural  haemorrhage. 
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An  operation  which  is  undertaken  for  the  relief  of 
either  local  or  general  symptoms  cannot  be  con- 
sidered to  have  achieved  its  object  unless  the  dura 
is  pulsating  at  its  conclusion.  In  the  majority  of 
cases  when  a  foreign  body  or  spicules  of  bone  are 
removed  from  the  brain,  the  dura  begins  to  pulsate 
normally  although  it  was  tense  and  non-pulsating 
before. 

The  decompression  operation  which  arises  in  the 
course  of  a  head  operation  undertaken  for  some 
other  reason  is  performed  as  follows  : 

A  large  flap  is  necessary,  so  in  addition  to  the 
wound  made  by  excising  the  scalp  wound  (which 
should  be  sutured)  an  omega  flap  must  be  turned 
down.  The  alternative  is  to  make  incisions  down- 
ward from  each  end  of  the  excised  scalp  wound 
so  forming  a  flap  or  to  convert  the  linear  wound 
into  a  star  or  H  -shaped  incision.  The  flap  with 
suture  of  the  excised  wound  is  to  be  preferred. 

The  operation  is  then  continued  as  a  decompression 
by  cutting  away  bone  from  the  area  adjoining  the 
original  trephine  opening.  The  direction  in  which 
it  is  usually  convenient  to  remove  bone  is  towards 
the  temporal  fossa.  The  middle  line  is  avoided  on 
account  of  the  superior  longitudinal  sinus.  The 
channel  of  the  middle  meningeal  artery  can  usually 
be  avoided,  but  if  opened  it  can  easily  be  dealt  with 
by  one  of  the  methods  described  for  the  control  of 
haemorrhage. 

The  operation  for  decompression  may  be  per- 
formed on  the  same  side  as  the  injury  or  on  the  oppo- 
site side.  The  opposite  side  is  only  chosen  when  the 
septic  nature  of  the  wound  makes  an  operation  on 
the  same  side  undesirable.  There  is  a  certain 
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amount  of  danger  of  dislocation  of  the  brain  and 
the  falx  cerebri  towards  the  uninjured  side. 

The  danger  of  extension  of  sepsis  outweighs  these 
considerations  and  a  contralateral  decompression 
has  much  to  recommend  it.  Decompression,  by 
enlarging  the  original  aperture  in  the  bone,  is 
considered  by  many  surgeons  a  most  dangerous 
proceeding.  In  my  own  opinion  the  low  per- 
centage of  operation  cases  failing  to  unite  by 
primary  union  justifies  its  use  in  certain  cases. 

Shock  and  haemorrhage,  once  much  dreaded  com- 
plications, are  almost  entirely  avoided  by  infiltrating 
the  line  of  incision  and  the  base  of  the  temporal  flap 
with  local  anaesthetic  solution.  Scalp  tourniquets, 
temporary  sutures  underpinning  the  temporal  artery, 
pins  and  clamps,  have  been  discarded.  The  infiltra- 
tion is  begun  before  any  anaesthetic  is  given.  The 
patient  is  stupefied  with  a  mixture  of  chloroform 
and  ether,  but  the  anaesthetic  is  never  given  to  the 
full  surgical  degree.  The  incision  begins  about 
two  and  a  half  inches  in  front  of  the  external  auditory 
meatus,  passes  upwards,  and  then  curves  backwards, 
reaching  to  within  about  two  inches  of  the  middle 
line,  then  backwards  and  downwards,  and  ends  about 
two  inches  behind  the  external  auditory  meatus. 
The  skin  flap  is  reflected  downwards,  separated  from 
the  temporal  muscle,  and  wrapped  in  a  piece  of  gauze. 
Only  two  or  three  bleeding-points  require  forceps 
if  the  infiltration  has  been  properly  carried  out. 
The  temporal  fascia  is  divided  about  a  quarter  of 
an  inch  from  its  upper  margin  and  by  means  of 
Faraboeuf's  rugine  the  muscle  and  fascia  are  re- 
flected downwards.  The  thin  bone  of  the  temporal 
fossa  is  chosen  for  trephining  between  the  anterior 
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and  posterior  branches  of  the  middle  meningeal 
artery.  A  stream  of  warm  normal  saline  is  run  over 
the  field  of  operation  from  this  time  onwards. 

With  a  little  practice  it  is  easy  to  tell  when  the 


FIG.  33.  An  operation  for  decompression  has  been  per- 
formed in  the  temporal  region.  A  large  flap  has  been 
turned  down,  the  bone  cut  away,  and  the  dura  opened  by 
an  omega  incision.  The  incision  of  the  dura  is  made  about 
half  an  inch  from  the  bony  margin  forming  a  flap. 

hand  trephine  has  reached  the  diploe  and  again  when 
the  disc  is  cut  through.  The  disc  may  be  levered 
up  with  one  side  of  the  trephine  or  with  an  elevator. 
The  bone  must  now  be  cut  away  to  a  suitable  extent, 
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an  oval  about  three  by  two  inches  is  an  average 
amount  of  bone  to  remove.  The  bone  should  be 
removed  by  powerful  bone  forceps,  Sargent's  pat- 
tern is  the  most  suitable.  The  power  of  this  instru- 
ment makes  it  in  practised  hands  a  delicate  one. 
The  force  is  applied  from  within  outwards,  there  is 
no  pressure  exerted  on  the  brain  and  the  bone  is 
rapidly  removed.  The  tense  pulsating  dura  is  next 
opened.  The  dura  cannot  be  picked  up  with  the 
forceps,  it  is  too  tense.  It  is  best  opened  by  placing 
a  small  knife  almost  flat  upon  the  surface  of  the  dura, 
pressing  the  knife  to  the  dura  and  pushing  the  point 
onwards  for  a  short  distance.  In  this  way  the  dura 
is  incised  without  injury  to  the  brain.  The  opening 
is  completed  by  either  dividing  it  on  a  director  in 
a  stellate  manner  by  several  incisions  almost  up  to 
the  bony  margin,  or  by  cutting  in  a  circular  direc- 
tion round  the  upper  two-thirds  of  the  dura  half  an 
inch  from  the  bony  margin.  When  the  dura  is 
opened  the  pulsation  of  the  brain  will  be  seen.  If 
the  brain  does  not  pulsate  the  bone  has  not  been 
sufficiently  cut  away  and  the  opening  in  the  dura  is 
insufficient.  The  surgeon  examines  carefully  for 
any  haemorrhage  before  closing  the  wound.  The 
dura  is  put  back  in  position,  the  temporal  muscle 
is  placed  over  the  dura,  and  with  a  continuous 
catgut  suture  is  sutured  back  in  position.  The 
scalp  is  then  sutured  with  a  continuous  thread 
suture.  "  Mastisol  "  wound  varnish  is  painted  over 
the  wound  and  surrounding  skin,  and  a  few  layers 
of  gauze  stretched  across  the  side  of  the  head. 

Corporal  H was  wounded  on  October  29,  1914,  and  was 

transferred  direct  to  the  base  for  operation.     There  was  a  septic, 
glancing  scalp  wound,  producing  a  gutter  fracture  two  inches 
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posterior  to  and  three  inches  above  the  external  angular  process 
on  the  right  side.  No  motor  or  sensory  symptoms  were  present. 
The  patient  complained  of  severe  headache. 

November  2  :  The  scalp  wound  was  explored  and  a  depressed 
fracture  was  present ;  the  scalp  was  turned  back  by  a  small 
flap  and  pure  carbolic  applied  to  the  edges  of  the  scalp  wound  ; 
the  dura  mater  was  lacerated  and  fragments  of  bone  were  found 
through  the  laceration  into  the  brain.  No  trephine  was  used, 
but  the  fragments  were  withdrawn  and  a  small  amount  of  bone 
cut  away,  exposing  an  area  of  dura  about  an  inch  and  a  hah*  in 
diameter.  The  dura  was  incised  in  a  stellate  manner  almost 
up  to  the  bony  margin.  A  small  rubber  tube  was  placed  in  the 
track  in  the  brain,  caused  by  the  fragments  of  bone.  The  flap 
incision  was  sutured  ;  the  scalp  wound  was  left  open  for  drainage. 
The  patient's  condition  was  satisfactory  during  the  first  few 
days  following  the  operation,  but  on  the  sixth  day  a  hernia 
cerebri  began  to  develop.  The  hernia  increased  in  size,  and  the 
patient's  temperature  rose  to  about  102°  F.  in  the  evenings. 
Ten  days  after  the  operation  definite  signs  of  increased  intra- 
cranial  pressure  became  apparent ;  headache,  optic  neuritis,  and 
slow  pulse  were  present,  and  the  patient  was  becoming  drowsy. 
The  hernia  cerebri  was  at  this  time  the  size  of  a  tangerine  orange. 
A  lateral  decompression  operation  was  performed  over  the 
temporal  area  of  the  opposite  side  on  December  13.  The  hernia 
at  once  decreased  in  size,  the  signs  of  increased  intracranial 
pressure  disappeared,  and  the  patient  was  transferred  to  England 
a  fortnight  later. 

This  case,  treated  early  in  the  war  by  methods  now  discarded, 
illustrates  the  occurrence  of  cerebral  hernia,  following  an  open 
wound  over  the  exposed  brain  with  drainage. 

The  scalp  wound  should  have  been  excised  and  sutured 
without  drainage.  Applying  pure  carbolic  to  the  wound  edges 
in  order  to  sterilize  is  to  be  deprecated.  The  drainage 
of  the  brain  probably  was  the  cause  of  the  hernia  and  in- 
creased cerebral  tension.  Had  drainage  really  been  necessary 
it  would  have  been  wise  to  have  made  either  a  contra-lateral 
temporal  decompression  at  the  time  of  the  original  operation, 
or  to  have  removed  bone  so  extensively  that  a  decompres- 
sion was  combined  with  the  exploration  and  cleansing  of  the 
fracture. 

The  following  case  is  an  example  of  a  secondary 
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decompression  performed  after  primary  union  of  an 
exploratory  wound. 

Sergeant  —  —  was  wounded  on  January  7,  1915.  There  was 
a  depressed  fracture  over  the  anterior  part  of  the  parietal  bone, 
two  inches  from  the  longitudinal  sinus.  The  fracture  was 
operated  upon  forty-eight  hours  after  the  injury  at  a  clearing 
station  ;  the  wound  was  excised  and  enlarged  ;  a  small  trephin- 
ing operation  was  performed,  an  opening  in  the  bone  three- 
quarters  of  an  inch  in  diameter  being  made.  The  dura  was 
found  lacerated  and  was  incised,  and  some  fragments  of  bone 
were  removed  from  beneath  the  dura.  The  brain  was  slightly 
lacerated  but  not  perforated  ;  some  bleeding  from  the  surface 
of  the  brain  was  dealt  with  by  pressure  of  a  small  piece  of  muscle 
applied  to  the  bleeding-point.  The  whole  wound  was  sutured 
without  drainage.  Four  days  later  the  healing  wound  was 
bulged  by  a  developing  hernia,  but  the  wound  was  not  opened, 
and  healed  by  primary  union.  The  patient  was  transferred  to 
a  base  hospital  fourteen  days  after  the  operation  ;  primary 
union  of  the  operation  wound  had  occurred,  but  a  small  hernia 
was  present  under  the  skin.  Signs  of  increased  intracranial 
pressure  were  present.  Headache,  optic  neuritis,  and  slow  pulse. 
A  spinal  puncture  was  made  and  20  c.c.  of  fluid  withdrawn. 
The  patient  improved,  but  two  days  later  the  signs  of  intra- 
cranial pressure  increased  and  the  patient  became  very  drowsy. 
A  temporal  decompression  was  performed  on  the  same  side  as 
the  injury,  an  area  of  bone  equal  in  size  to  the  temporal  muscle 
being  removed,  and  the  dura  opened  for  a  corresponding  area. 
The  signs  of  pressure  were  at  once  relieved  ;  the  patient  recovered 
rapidly  after  the  operation,  and  was  transferred  to  England  in 
good  health. 

Private  B was  wounded  early  in  the  morning  of  Septem- 
ber 22.  There  was  a  scalp  wound  three  inches  in  length  passing 
horizontally  across  the  middle  of  the  left  parietal  bone.  The 
patient  was  operated  upon  at  a  clearing  hospital  the  same 
evening.  A  gutter  fracture  of  the  skull  was  present.  The  scalp 
wound  was  excised.  About  a  quarter  of  an  inch  of  bone  was 
removed  all  round  the  fracture. 

The  dura  mater  was  lacerated,  there  being  loss  of  dura  to  the 
extent  of  an  inch  by  a  quarter  of  an  inch.  A  fragment  of  the 
inner  table,  three-quarters  of  an  inch  by  a  quarter  of  an  inch, 
was  removed  from  a  depth  of  half  an  inch  in  the  brain.  The 
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wound  was  drained  ana  the  opening  in  the  scalp  sutured.  On 
September  27  the  patient  was  admitted  to  a  base  hospital. 
There  was  a  bulging  scalp  wound  exposing  brain  substance, 
where  openings  for  drainage  had  been  left ;  the  brain  pulsated 
under  the  scalp  ;  fragments  of  septic  brain  matter  came  away 
on  the  dressings.  Motor  paralysis  of  the  whole  of  the  patient's 
right  side  was  present. 

The  patient's  temperature  was  99°  F.  ;  pulse,  65  ;  no  headache 
was  present. 

The  patient's  condition  improved  with  rest  and  saline  dressing 
of  the  scalp  wound.  The  patient  was  transferred  to  England. 

This  case  illustrates  the  grave  risks  to  which 
patients  are  subjected  by  drainage. 

Secondary  infection  is  so  likely  to  follow  the 
insertion  of  a  tube  into  the  brain  that  I  should 
have  completely  closed  the  wound.  The  septic 
tissue  in  such  injuries  can  almost  invariably  be 
removed  at  the  primary  operation. 

The  Drainage  Operations.  At  whatever  stage  the 
case  comes  under  treatment  and  whatever  condition 
calls  for  interference,  when  pus  has  once  been  found 
the  operation  becomes  a  drainage  operation.  In 
addition  to  the  principles  which  govern  the  treatment 
of  sepsis  elsewhere,  it  is  necessary  to  take  into  con- 
sideration the  increased  intracranial  tension  which 
may  accompany  an  abscess  of  the  brain.  The  treat- 
ment of  localized  superficial  sepsis  is  liable  to  be 
unsatisfactory,  and  the  drainage  of  brain  matter 
is  a  most  difficult  problem.  If  sepsis  be  found 
superficial  to  the  dura,  the  wound  should  not  be 
sutured  ;  it  should  be  left  open  and  dressed  with 
saline  solution. 

Superficial  Sepsis  with  Lacerated  Dura.  When 
pus  is  found  beneath  the  dura  mater  the  dura  should 
be  incised  over  the  pus  area,  but  not  beyond  it. 


208  SURGERY  IN  WAR 

The  whole  wound  should  be  loosely  packed  with 
gauze  soaked  in  5  per  cent,  saline  solution.  The 
wound  should  not  be  sutured. 

Drainage  of  Brain  Matter.  Drainage  of  head 
operation  wounds  is  a  very  serious  matter  ;  the  use 
of  drains  in  cases  presumably  aseptic  is  to  be 
deprecated.  Such  drainage  is  usually  inadequate 
should  sepsis  be  really  present,  and  dangerous 
when  it  is  not.  The  use  of  a  small  tube  at 
one  end  of  a  sutured  wound,  passing  a  drain 
through  a  scalp  wound  to  the  brain,  and  such 
measures  undertaken  for  fear  of  sepsis,  are  remedies 
which  are  apt  to  prove  more  dangerous  than  the 
disease. 

Sargent  considers  that  as  a  general  rule  super- 
ficial laceration  of  the  brain  is  best  treated  without 
drainage  and  deep  laceration  two  inches  or  more 
in  depth  with  drainage. 

The  difficulties  attending  the  drainage  of  an 
abscess  of  brain  or  of  a  septic  track  in  the  brain 
depend  upon  the  fact  that  brain  matter  closes  round 
any  form  of  drainage  tube,  plugging  the  end  of  the 
tube  and  blocking  any  perforations  in  it.  Soft 
tubes  are  expressed  from  the  brain,  and  if  inserted 
are  found  later  in  the  dressing.  Gauze  drains  fail 
to  keep  the  track  open,  as  they  are  rapidly  clogged 
by  brain  matter  and  are  also  expressed  from  the 
depths  of  the  wound.  The  drainage  of  brain  has 
been  a  most  difficult  and  unsatisfactory  procedure. 
Metal  tubes  have  been  advocated  for  many  years, 
but  fail  owing  to  the  brain  matter  blocking  the 
apertures. 

The  most  satisfactory  manner  in  which  to  drain 
an  abscess  of  the  brain  is  probably  by  means  of 
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hypertonic  saline  solution  combined  with  capillary 
drainage. 

The  apparatus  consists  of  an  ordinary  woven 
bandage,  a  strip  of  thin  rubber  tissue,  a  silver  wire, 
and  a  fine  rubber  drainage  tube. 
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Materials  for  making  capillary  drains  for  drainage 
of  the  brain. 


The  silver  wire  is  doubled  upon  itself  like  a  hair- 
pin, the  loop  being  the  part  introduced  into  the 
brain.  It  is  protected  by  a  covering  of  rubber 
tissue,  the  end  of  the  bandage  is  folded  in  its  length, 
enclosing  the  introducer,  and  the  rubber  tube  is 
attached  by  a  stitch.  This  forms  a  drain  which 
can  be  introduced  into  the  brain  to  the  desired 
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depth.  The  drain  is  bent  at  a  suitable  length  and 
now  forms  a  right  angle.  One  extremity  of  the 
drain  passes  into  the  wound,  whilst  the  other  is 
fixed  to  the  scalp  by  a  suture  or  strapping.  The 
capillary  drainage  of  an  ordinary  two  and  a  half 
inch  bandage  is  sufficient  to  draw  normal  saline 


\ 


FIG.  35.  The  drain  has  been  bent  to  the  required  depth  and 
fixed  to  the  scalp  by  plaster.  Two  sutures  placed  about 
three  inches  from  the  wound  forms  a  better  method  of  fixing 
the  drain.  By  placing  the  sutures  at  a  distance  from  the 
wound  the  drain  is  made  very  flexible  and  moves  freely  with 
the  pulsating  brain  without  exerting  injurious  pressure. 

from  one  vessel  to  another  twelve  inches  lower 
at  the  rate  of  over  a  pint  in  an  hour.  The  free 
end  of  the  bandage  is  placed  in  a  tray  containing 
some  saline,  the  tray  being  about  twelve  inches 
below  the  patient's  head.  By  means  of  the  rubber 
tube,  hypertonic  solution  is  introduced  into  the 
wound.  Irrigation  of  cerebral  abscess  is  said  to  be 
dangerous  on  account  of  possible  spread  of  infection 
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by  the  fluid  to  the  meninges.  This  will  not  happen 
after  the  first  twelve  hours  of  drainage. 

A  very  slow  stream  of  saline,  almost  a  drip,  is 
allowed  to  pass  through  the  rubber  tube  at  the  rate 
of  about  half  a  pint  an  hour. 

When  an  actual  pus  cavity,  has  not  to  be  drained 
but  only  a  septic  track,  one  of  the  salt  sacs  de- 
scribed under  the  treatment  of  wounds  will  form 
the  most  convenient  dressing.  Fine  sacs  not  much 
thicker  than  a  pencil  may  be  employed. 

Colonel  Gray  emphasises  an  important  point 
regarding  the  depth  to  which  the  drain  should  be 
inserted.  Although  when  the  missile  is  first  detected 
it  may  lie  at  a  considerable  depth,  when  the  opera- 
tion is  completed  the  track  is  comparatively  short. 
There  is  an  expansion  of  brain  matter  following 
the  removal  of  the  missile  which  brings  the  floor 
of  the  cavity  much  nearer  the  surface.  A  second 
examination  of  the  depth  of  the  track  should  be 
made  before  inserting  the  drain  or  deleterious 
pressure  may  be  exerted  on  the  brain  matter. 

Drainage  of  the  Track.  A  piece  of  rubber  tubing  well 
fenestrated,  as  wide  as  can'  be  conveniently  introduced  and 
rather  shorter  than  the  length  of  the  track,  may  be  employed  ; 
it  can  be  kept  in  place  by  suturing  it  to  the  edges  of  the  excised 
scalp  wound.  The  disintegrated  and  necrotic  tissue  that  forms 
the  wall  of  the  cavity  is,  however,  liable  to  become  compressed 
around  the  rubber  tube  and  form  a  more  or  less  impermeable 
wall  between  this  and  the  softened  and  infected  brain  beyond, 
which  latter  is  exactly  the  part  that  requires  the  most  thorough 
drainage.  It  has  been  found  that  a  perforated  metal  drainage 
tube  answers  the  purpose  better  than  rubber.  Such  a  tube  can 
easily  be  fashioned  from  the  perforated  zinc  sheeting  supplied 
as  splinting  material.  The  softened  material  in  the  wall  of  the 
track  gradually  escapes  through  the  numerous  holes  into  the 
interior  of  the  tube,  whence  it  can  be  removed  by  syringing  with 
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hydrogen  peroxide.  It  has  been  found  that  pure  sterile  glycerine 
forms  an  admirable  dressing  for  these  cases  ;  the  tube  is  filled 
with  it  and  packed  round  with  gauze  soaked  in  glycerine.  Good 
results  have  also  been  obtained  by  packing  the  tube  with  salt 
soloids,  and  by  using  a  5  per  cent,  solution  of  salt  in  1  in  200 
carbolic.  The  tube  should  not  be  removed  too  soon  ;  it  is  usually 
kept  in  for  eight  to  ten  days. — Memorandum  on  Treatment. 

The  operation  necessary  in  the  majority  of  head 
injuries  arriving  at  the  base,  even  when  combined 
with  a  temporal  decompression,  is  a  comparatively 
minor  one.  If  preceded  by  infiltration  of  the  scalp 
with  local  anaesthetic  and  adrenalin,  haemorrhage 
and  shock  are  obviated  to  a  very  great  extent, 
and  the  operation  made  even  more  simple.  The 
dangerous  haemorrhage  which  may  occur  from  large 
flap  incisions  is  entirely  prevented  by  this  infiltration 
of  the  incision  area  with  adrenalin  solution,  and,  if 
some  local  anaesthetic  has  been  added,  the  amount  of 
general  anaesthetic  required  is  negligible. 

It  is  important  that  the  entire  scalp  be  shaved 
before  operation.  Secondary  wounds  are  frequently 
overlooked  if  this  precaution  is  not  taken.  The 
scalp  is  exceedingly  difficult  to  sterilize.  Cleaning 
with  ether  followed  by  the  application  of  1  in  500 
biniodide  in  spirit,  one  painting  with  iodine  two 
hours  before  the  operation,  and  a  second  application 
of  iodine  at  the  time  of  operation,  have  been  found 
satisfactory. 

The  anaesthetic  of  choice  is  local  anaesthesia 
combined  with  a  light  administration  of  equal  parts 
of  chloroform  and  ether,  preceded  by  a  dose  of 
morphia  and  atropin. 

In  conclusion,  gunshot  wounds  of  the  head  require 
an  early  and  limited  operation,  directed  towards  the 
prevention  of  sepsis,  and  the  removal  of  gross  local 
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pressure  upon  or  in  the  brain.  A  foreign  body 
requires  early  removal,  if  subsequent  abscess,  and 
increased  intra cranial  pressure,  and  fungus  cerebri 
are  to  be  avoided.  Increased  intracranial  tension 
of  a  high  degree  must  be  treated  by  a  sufficiently 
large  primary  or  secondary  decompression  operation, 
preferably  in  the  temporal  region. 


CHAPTER  IX 
INJURIES  OF  THE  SPINE 

WOUNDS  of  the  spine  may  be  extensive,  the  whole 
section  of  the  cord  being  involved  and  conductivity 
of  the  cord  lost.  Such  cases  present  all  the  un- 
favourable conditions  associated  with  cases  of 
fracture-dislocation  of  the  spine  met  with  in  civil 
practice,  together  with  the  additional  danger  of  a 
septic  infection.  They  are  obviously  unsuitable 
for  operative  treatment,  but  it  is  otherwise  with 
many  cases  of  spinal  injury.  It  is  necessary 
to  avoid  confusing  the  bad  results  which  follow 
operations  on  the  major  class  of  spinal  injuries 
with  the  results  of  operations  on  the  minor  class  of 
injuries.  In  the  class  of  major  injuries  may  be 
included  fracture-dislocation,  gunshot  injuries,  with 
total  loss  of  conductivity  of  the  cord,  and  spinal 
injuries  complicated  by  other  severe  injuries.  In 
the  minor  class  may  be  placed  cases  of  partial 
destruction  of  the  cord,  missiles  in  the  spinal  canal, 
pressure  on  the  spinal  cord  by  bone  fragments 
involving  only  temporary  interference  with  function, 
and  injuries  to  the  cauda  equina. 

It  must  be  admitted  that,  considering  the  results 
of  spinal  injuries  as  a  whole,  the  results  have  not 
been  encouraging,  but  it  will  probably  be  found 
that  better  results  will  be  obtained  in  the  future. 
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At  the  present  time  improvement  has  been  notice- 
able in  the  results  of  treatment  in  these  injuries. 
The  cause  of  disappointment  in  the  past  was  partly 
due  to  a  lack  of  differentiation  between  hopeless 
cases  and  cases  likely  to  benefit  by  operative  treat- 
ment, and  partly  to  delay  in  operation.  Spinal 
operations,  to  be  successful,  must  be  performed  at 
an  early  stage  before  any  vital  changes  have  occurred 
in  the  cord.  The  earlier  circumstances  allow  the 
cases  to  be  operated  upon,  the  better  will  be  the 
results.  By  delaying  the  operation,  spinal  cases 
lose  their  chance  of  recovery  in  two  ways  :  sepsis 
spreads,  and  pressure  upon  the  nerve-tissue  causes 
vital  changes  in  the  cord.  An  early  operation  will 
remove  the  septic  focus  and  relieve  the  pressure 
upon  the  nerve-tissue. 

We  have  had  many  opportunities  of  witnessing 
the  relief  which  follows  the  removal  of  a  foreign 
body  from  the  central  nervous  system.  A  foreign 
body,  whether  a  missile  or  a  depressed  fragment 
of  bone,  exercises  a  striking  effect  upon  the  circula- 
tion of  the  brain  and  cord  ;  immediately  the  foreign 
body  is  removed  the  previously  non-pulsating  tissues 
begin  to  vibrate.  This  relief  of  interference  with 
the  circulation  is  one  of  the  great  advantages  of 
early  operation  on  cases  of  injury  to  the  brain  and 
spinal  cord,  for  such  circulation  is  essential  to 
recovery  of  the  injured  tissue. 

We  know  that  by  an  operation  planned  to  remove 
septic  tissue  and  to  relieve  the  pressure  of  fragments 
of  bone  or  foreign  bodies  we  can  effectively  deal 
with  depressed  compound  fractures  of  the  skull. 
We  know  that,  adopting  the  same  principle,  we  can 
excise  a  penetrating  wound  of  the  knee,  remove 
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infected  bone,  and  obtain  an  aseptic  result.  It 
would  appear  rational  to  apply  the  same  principle 
to  injuries  of  the  spine.  With  certain  reservations 
this  can  be  done.  The  spinal  injury  differs  from 
the  head  injury  in  the  greater  susceptibility  of  the 
spinal  cord  to  injury  and  its  lack  of  regenerative 
power.  The  small  area  of  the  spinal  cord  renders 
an  injury  very  much  more  serious  than  an  injury 
to  the  brain.  An  injured  area  in  the  brain  may  be 
recoverable,  where  an  injury  of  corresponding  size 
to  the  cord  may  destroy  the  •  whole  section  of  the 
cord. 

It  appears  justifiable  to  operate  upon  spinal 
cord  injuries  when  a  foreign  body  is  present,  and 
has  by  X-ray  localization  been  shown  to  be  in  an 
accessible  position.  Septic  trouble  is  almost  certain 
to  follow  a  foreign  body  lodged  within  the  spinal 
theca.  Its  removal  will  not  add  materially  to  the 
patient's  danger.  Severe  pain  alone  is  occasionally 
a  sufficient  reason  for  operating. 

The  principal  indications  which  make  operative 
interference  justifiable  are  signs  of  some  conduc- 
tivity of  the  cord  evidenced  by  the  presence  of 
some  motor  and  sensory  function  in  the  part  below 
the  injury.  In  these  cases  the  transverse  lesion  of 
the  cord  is  incomplete,  and  the  removal  of  pressure 
may  be  followed  by  great  improvement.  Function 
is  recovered  because  the  circulation  is  restored. 

Cases  of  injury  to  the  cauda  equina  present  a 
much  more  favourable  outlook.  The  cauda  equina 
bears  a  greater  resemblance  to  the  peripheral  nerves 
than  the  spinal  cord.  The  nerve -roots  which  con- 
stitute the  cauda  equina  have  been  cut  and  sutured 
in  animals  with  complete  recovery  of  function. 
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Tuffier  operated  upon  the  first  two  lumbar  roots 
which  had  been  divided  by  a  bullet  wound,  and 
obtained  perfect  recovery. 

The  principal  points  by  which  injury  of  the  cauda 
equina  can  be  differentiated  from  injury  of  the  cord 
are  :  The  position  of  the  wound  ;  X-ray  may  show 
a  missile  or  fracture  of  the  lower  lumbar  vertebrae. 
Asymmetry  of  the  symptoms.  Severe  pain.  Pain 
and  hyper asthesia  are  indicative  of  injury  of  nerve- 
roots  rather  than  cord.  Abolition  of  the  deep 
reflexes  points  to  a  lesion  of  the  nerve-roots,  either 
the  efferent  or  afferent  fibres  being  injured.  The 
reflex  centre  in  the  cord  may  be  injured  in  some  cases, 
but  the  loss  of  conductivity  will  then  be  complete. 
Limitation  of  symptoms  to  a  small  portion  of  the 
segments  of  the  lumbo -sacral  region  denotes  a 
caudal  lesion.  A  rapid  increase  of  symptoms  from 
segment  to  segment  will  denote  a  medullary  lesion. 
A  slow  involvement  of  additional  segments  will 
point  to  a  caudal  lesion. 

Three  lines  of  treatment  are  indicated.  The 
prevention  of  sepsis,  the  removal  of  gross  pressure 
upon  the  spine,  and  the  prevention  of  complications 
which  threaten  life. 

The  most  dangerous  complication  associated  with 
spinal  injury  is  septic  infection  of  the  genito-urinary 
tract.  This  infection  can  usually  be  prevented  by 
adequate  care  in  the  passing  of  catheters,  and  the 
use  of  urinary  antiseptics  and  lavage  of  the  bladder. 
A  solution  of  quinine  sulphate,  one  or  two  grains 
to  the  ounce,  has  been  recommended  for  the  purpose 
of  lavage  of  the  bladder.  It  is  important  that  a 
catheter  should  be  passed  when  the  patient  arrives 
or  leaves  a  hospital,  and  that  instructions  be  given 
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for  the  passage  of  this  instrument  during  transport. 
The  risk  of  sepsis  is  not  added  to  by  irrigation 
of  the  bladder  once  it  is  necessary  to  pass  a 
catheter. 

The  treatment  of  gunshot  wounds  of  the  spine 
may  be  considered  in  the  following  classes  : 

(1)  Injuries  which  have  not  perforated  the  Spinal 
Them. 

(a)  Concussion  of  the  spinal  cord  may  be  produced 
by  the  passage  of  a  bullet  through  the  vertebrae 
without  actual  pressure  of  the  missile  or  bone 
fragment. 

A  trauma  of  the  spinal  column,  even  of  a  compara- 
tively slight  nature,  may  be  followed  by  an  injury 
to  the  cord  itself,  the  cord  undergoing  a  concussion 
or  contusion.  The  differentiation  of  a  concussion 
from  an  organic  injury  to  the  cord  has  an  important 
influence  on  treatment.  A  bullet  which  has  passed 
through  the  body  of  a  vertebra  or  merely  touched 
one  of  the  processes  may  produce  a  concussion  of 
the  spine  almost  indistinguishable  from  an  organic 
lesion.  Neurologists  rely  mainly  upon  the  improve- 
ment of  the  symptoms  when  differentiating  between 
the  two  conditions. 

In  severe  concussion,  paralysis  of  the  body  below 
the  lesion  takes  place,  the  reflexes  are  lost,  sensation 
is  diminished,  and  the  sphincters  are  paralysed. 
The  chief  signs  by  which  the  lesion  can  be  differen- 
tiated from  pressure  upon  the  cord  are  as  follows  : 
The  transient  nature  of  the  symptoms  :  soon  after 
the  injury  the  patient  begins  to  recover  and  there 
is  a  gradual  return  of  function.  The  symptoms 
usually  correspond  to  those  of  a  complete  transverse 
lesion,  and  there  is  a  complete  loss  of  conductivity 
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of  the  cord.     An  X-ray  examination  will  be  negative 
in  its  findings. 

Sir  George  Makins  makes  the  following  valuable 
observations  on  this  subject : 

In  slight  concussion  the  usual  transient  effects  of  the  injury 
and  its  happy  tendency  not  to  destroy  life,  place  us  in  a  state 
of  uncertainty  as  to  the  occurrence  of  anatomical  changes,  since 
no  opportunity  of  post-mortem  examination  occurred.  The 
clinical  condition  included  under  this  term  corresponds  with 
that  implied  in  "  spinal  concussion "  in  civil  practice.  One 
point  of  extreme  interest,  whether  the  subjects  of  small-calibre 
bullet  spinal  concussion  will  in  the  future  suffer  from  the  remote 
effects  common  to  similar  sufferers  in  civil  life  from  other  causes, 
such  as  railway  collisions,  still  remains  for  future  determination. 
An  ample  field  for  such  observations  has  at  any  rate  been  created 
by  the  present  war  (i.e.  the  South  African  War). 

In  severe  concussion  a  far  more  highly  destructive  action  is 
exerted.  This  condition  may  be  followed  by  complete  dis- 
organization of  the  cord,  accompanied  or  not  by  multiple 
parenchymatous  haemorrhages  into  its  substance.  Either  or 
both  of  these  pathological  conditions  are  produced  by  the  impact 
of  the  bullet  with  the  spine,  given  a  sufficiently  high  degree  of 
velocity,  and  it  is  difficult  to  separate  clinically  the  resulting 
symptoms.  This  is  a  matter  perhaps  of  less  importance,  since 
it  stands  to  reason  that  a  vibratory  force,  capable  of  rupturing 
the  spinal  capillaries,  wounds  at  the  same  time  the  nervous 
tissue. 

In  speaking  of  concussion  of  this  degree,  it  should  be  clearly 
recognized  that  a  general  condition,  such  as  is  indicated  by  the 
use  of  the  term  "  concussion  of  the  brain,"  is  in  no  wise  implied. 
The  condition  is  really  far  more  nearly  allied  to  one  of  contusion, 
a  strictly  localized  portion  of  the  spinal  cord  undergoing  the 
destructive  process  which  affects  the  segments  below  only  in 
so  far  as  it  interrupts  the  normal  channels  of  communication 
with  the  higher  centres. 

The  careful  examination  of  the  nervous  system, 
the  observation  of  the  cause  of  the  symptoms, 
together  with  an  X-ray  examination,  will  usually 
differentiate  cases  of  concussion  from  cases  suitable 
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for  operation,  and  prevent  an  unnecessary  operation 
being  undertaken.  In  some  cases  the  diagnosis  will 
only  be  made  in  the  course  of  an  exploratory  opera- 
tion. In  cases  in  which  the  symptoms  are  practi- 
cally undistinguishable  from  gross  injury,  an  opera- 
tion would  appear  to  be  justifiable  on  the  grounds 
that  the  operation  will  do  no  damage,  and  waiting 
will  inflict  irreparable  damage  upon  cases  suffering 
from  the  effects  of  pressure.  Moreover,  when  a 
bullet  has  caused  concussion  there  is  a  great  likeli- 
hood that  it  has  depressed  bone. 

In  cases  of  concussion  and  contusion  of  the  spine 
occurring  as  the  result  of  men  being  buried  in 
trenches,  functional  or  hysterical  paralysis  requires 
differentiation.  In  such  cases  the  normal  or  in- 
creased tone  of  the  muscles,  the  absence  of  regular 
sensory  symptoms  and  Babinski's  sign,  and  the 
presence  of  reflexes  and  normal  sphincter  and 
bladder  control  usually  make  a  diagnosis  of  a 
functional  condition  possible. 

(6)  Pressure  upon  the  spinal  theca  by  missiles, 
depressed  fragments  of  bone,  or  extra  dural  haemor- 
rhage. 

The  outlook  in  such  cases  is  most  hopeful  if  the 
operation  is  performed  before  the  pressure  has 
caused  irreparable  damage  to  the  nerve-tissue. 

The  treatment  consists  of  performing  the  opera- 
tion of  laminectomy  and  removing  the  missile  or 
depressed  fragments. 

In  one  case  operated  upon  by  Colonel  Gray,  all 
four  limbs  were  paralysed,  and  there  was  loss  of 
control  of  bladder  and  rectum.  Complete  recovery 
occurred  after  the  removal  of  a  fragment  of  shell 
which  had  fractured  the  lamina  of  the  fifth  cervical 
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vertebra,  with  depression  of  bone  half  an  inch  square. 
Signs  of  recovery  began  to  appear  the  day  after  the 
operation.  The  patient  left  for  England  with 
complete  recovery  of  function. 

(c)  Spinal  hcemorrhage  may  be  produced  by 
indirect  violence,  such  as  fracture  of  the  body  of 
a  vertebra  by  a  high- velocity  bullet,  or  by  direct 
injury  to  the  theca  by  a  missile  or  bone  fragment. 

Extra-dural  haemorrhage  or  haemorrhage  into  the 
spinal  theca  may  occur.  Both  conditions  may  be 
present  in  some  cases.  Cases  of  haemorrhage  without 
other  spinal  lesions,  such  as  concussion  or  pressure 
on  the  theca  by  foreign  bodies  or  bone,  are  rarely 
seen,  but  haemorrhage  in  a  degree  sufficient  to  cause 
symptoms  of  pressure  is  often  present  with  other 
lesions.  In  one  case  operated  upon  for  a  bullet 
wound  in  the  lower  dorsal  region,  paralysis  of  both 
legs  and  of  the  sphincters  was  present ;  signs  of 
conductivity  of  the  cord  was  evidenced  by  the 
presence  of  sensation  below  the  injury.  A  lami- 
nectomy  was  performed,  and  a  small  fragment  of 
bone  discovered  pressing  upon  the  front  of  the  cord. 
The  dura  was  not  lacerated  and  was  pulsating  very 
feebly.  When  retracting  the  cord  to  remove  the 
fragment  of  bone,  a  considerable  amount  of  clot 
was  squeezed  out  of  the  spinal  canal.  The  dura 
at  once  began  to  pulsate  normally. 

Sir  George  Makins  records  one  case  of  pure 
haemorrhage  following  a  bullet  wound  of  the  spine 
("  Surgical  Experiences  in  South  Africa  "),  but  such 
cases  are  very  rare. 

A  private  in  the  Yorkshire  Light  Infantry  was  wounded  at 
Modder  River  ;  the  bullet  entered  between  the  eleventh  and 
twelfth  ribs,  just  posterior  to  the  left  mid-axillary  line,  emerging 
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in  the  posterior  axillary  fold,  at  its  junction  with  the  right  side 
of  the  trunk.  On  the  second  day  after  the  injury  the  lower 
extremities  became  drawn  up,  the  knees  and  hips  assuming  a 
flexed  position,  and  this  was  followed  shortly  by  the  advent  of 
complete  motor  and  sensory  paraplegia,  accompanied  by  reten- 
tion of  urine.  Two  days  later  the  patient  again  passed  water  nor- 
mally, and  gradual  and  rapid  return  of  both  sensation  and  motor 
power  took  place.  At  the  end  of  fourteen  days  no  trace  of  the 
condition  remained,  and  the  patient  was  shortly  after  sent  home. 

The  treatment  of  spinal  haemorrhage  will  usually 
form  part  of  the  treatment  undertaken  for  the 
relief  of  pressure  from  some  other  cause,  otherwise 
the  patient  will  probably  show  signs  of  improvement 
and  the  treatment  will  be  expectant.  The  cases  in 
which  spinal  haemorrhage  played  an  important 
clinical  part  have  been  rare  in  our  experience. 

(2)  Injuries  to  the  Spine  with  Penetration  of 
the  Dura.  The  condition  is  comparable  to  that  of 
depressed  fracture  of  the  skull,  with  particles  of 
indriven  bone  penetrating  the  cranial  meninges  and 
lacerating  the  brain.  Sepsis  is  exceedingly  likely 
to  extend  to  the  spinal  meninges  along  the  bullet 
track  and  depressed  bone.  The  most  excruciating 
pain  may  be  caused  by  the  depressed  particles  of  bone 
and  the  advance  of  sepsis  mercifully  ends  the 
patient's  sufferings  by  causing  spinal  meningitis. 

The  only  successful  treatment  is  the  early  removal 
of  the  peccant  fragments.  Expectant  treatment 
allows  the  patient  to  run  risks  out  of  all  proportion 
to  the  risk  of  an  operation.  If  spinal  sepsis  does  not 
end  the  patient's  sufferings,  an  infection  of  the 
genito-urinary  tract  usually  follows  ;  in  those  rare 
cases  in  which  the  patient  survives  these  dangers  he 
often  remains  a  hopeless  paralytic  inhabitant  of 
some  asylum. 
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Undertaken  at  an  early  stage  by  specially  ex- 
perienced operators  the  surgical  treatment  of  this 
condition  should  prove,  if  not  brilliant,  at  least  a 
means  of  saving  a  fair  proportion  of  the  victims. 

It  is  of  the  utmost  importance  that  the  operation 
be  carried  out  under  a  local  anaesthetic,  or  shock, 
haemorrhage,  and  chest  complications  will  levy  their 
toll.  The  operation  begins  as  an  ordinary  laminec- 
tomy  operation,  except  that  if  the  bullet  track  be 
accessible  it  should  be  excised.  In  some  cases  the 
results  can  be  obtained  without  any  bone  cutting  at 
all,  the  fractured  laminae  being  merely  removed  with 
forceps  and  scissors. 

Circulatory  disturbances  are  at  work  in  these 
cases  ;  the  pressure  of  the  fragments  upon  nervous 
tissue  exercises  an  untoward  effect  upon  the  circu- 
lation of  the  central  nervous  system.  The  import- 
ance of  the  early  relief  of  this  interference  with  the 
circulation,  if  a  favourable  result  is  to  be  obtained, 
must  be  emphasized.  The  delicate  nerve-tissue  of 
the  cord  rapidly  receives  irreparable  injury  from 
pressure,  the  patient  is  worn  out  by  pain,  and  septic 
infection  extends  as  a  result  of  delay  in  operation. 
Operative  treatment  may  be  contra-indicated  in 
some  cases.  Severe  injury  to  other  organs  and  the 
total  loss  of  conductivity  of  the  cord  will  usually 
negative  operative  treatment. 

Concussion  or  contusion  of  the  spine  may  simulate 
this  or  other  gross  organic  lesions  of  the  spine  and  an 
unnecessary  operation  may  occasionally  be  per- 
formed. On  the  other  hand  it  is  not  wise  to  subject 
all  patients  suffering  from  gross  organic  lesions  of 
the  spine,  many  of  them  operable,  to  the  horrors 
of  permanent  disablement  or  death  because  an 
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occasional  unnecessary  though  harmless  operation 
may  be  performed. 

Foreign  Bodies  within  the  Spinal  Theca.  In 
addition  to  any  damage  which  the  missile  may  have 
inflicted  on  the  cord  or  cauda  equina,  the  danger  of 
sepsis  makes  the  injury  a  most  serious  one.  The 
missile  will  almost  certainly  have  carried  septic 
matter  into  the  wound  and  will  form  a  septic  focus 
within  the  theca.  The  early  removal  of  the  missile 
will  give  the  patient  his  only  chance  if  the  missile 
is  septic. 

The  results  of  removing  septic  missiles  from  within 
the  cranial  meninges  are  sufficiently  satisfactory 
to  make  such  operations  on  the  spine  hopeful,  if 
performed  within  a  reasonable  time  of  the  injury. 
In  one  case  a  shrapnel  bullet  was  removed  from 
within  the  spinal  theca  in  the  lumbar  region  seven 
days  after  the  injury.  The  patient  was  paraplegic 
before  the  operation  and  great  improvement  in 
motor  power  had  taken  place  before  he  left  hospital. 

(3)  Wounds  of  the  Spine  causing  Total  Loss  of 
Conductivity  of  the  Cord.  An  irreparable  injury  has 
been  inflicted  upon  the  cord  and  an  operation  will 
not  lead  to  any  improvement  in  the  symptoms. 
These  cases  are  comparable  to  the  cases  of  fracture- 
dislocation  of  the  spine  met  with  in  civil  practice. 
They  are  unsuitable  for  operative  treatment.  An 
exception  to  this  may  be  made  in  cases  in  which  the 
pain  is  so  severe  that  an  operation  is  worth  under- 
taking for  its  relief  alone. 

Exceptionally,  it  may  be  possible  to  prolong  a 
patient's  life,  although  he  is  foredoomed  to  death, 
by  undertaking  an  operation  for  the  removal  of 
sepsis. 
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THE  INDICATIONS  FOR  OPERATION  IN 
GUNSHOT  WOUNDS  OF  THE  SPINE 

(1)  Cases  in  which  there  is  Evidence  of  some 
Conductivity  of  the  Spine.  In  all  cases  in  which 
conductivity  of  the  spine  remains  there  is  hope  of  im- 
provement in  the  functions.  An  operation  will  not 
harm  the  cases  in  which  the  damage  to  the  cord  is 
too  extensive  to  allow  of  recovery,  and  will  save  the 
lives  and  functions  of  the  slighter  cases. 

Gordon,  in  "  Disease  of  Nervous  System,"  referring 
to  this  condition  states  :  "  As  it  is  sometimes  diffi- 
cult to  tell  the  degree  of  the  damage  done,  it  is 
advisable  to  postpone  the  operation  for  some  days 
and  during  that  time  observe  the  paralytic  symp- 
toms. When  there  is  no  tendency  to  improvement, 
a  prompt  operation  is  indicated.  No  operation  is 
necessary  in  the  case  of  progressive  improvement. 
In  cases  of  evident  fracture  of  vertebrae,  a  prompt 
intervention  is  urgent." 

This  advice  is  applicable  to  gunshot  injuries  when 
the  question  of  concussion  is  under  discussion. 

The  same  authority  gives  the  following  indications 
for  operation  in  cases  of  traumatic  lesions  of  the 
cord  : 

"  Early  intervention  is  indicated :  when  the 
nervous  disturbances  may  be  attributed  to  a  fracture 
of  an  arch  of  the  vertebrae  ;  when  skiagraphy  shows 
the  presence  of  the  bullet  (in  case  of  firearms)  in  the 
spinal  canal ;  when,  in  case  of  fracture  with  disloca- 
tion, a  bloodless  reduction  of  the  dislocation  has 
failed  and  the  patient  presents  signs  of  a  partial 
lesion. 
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"  Late  intervention  is  indicated  :  when  early 
intervention  was  not  done  and  the  nervous  symptoms 
do  not  improve  spontaneously  ;  when,  in  the  course 
of  a  partial  lesion,  there  is  an  ulterior  aggravation 
of  symptoms  (compression  by  a  callus).  In  cases 
of  local  lesion  an  operation  is  contra-indicated. 
The  comparative  value  of  early  and  late  operations 
can  be  seen  from  Chipault's  statistics — in  early 
operations  he  obtained  6  per  cent,  recoveries,  6  per 
cent,  improvements,  8  per  cent,  with  no  change,  and 
79  per  cent,  deaths.  In  late  operations  he  obtained 
8  per  cent,  recoveries,  27  per  cent,  improvements, 
39  per  cent,  with  no  change,  and  25  per  cent,  deaths. 
"  Some  claim  that  haemorrhages  into  the  spinal 
canal  are  not  an  indication  for  laminectomy.  I  have 
seen  favourable  results  following  prompt  operation 
in  such  cases." 

Pain.  The  pain  in  some  spinal  lesions  is  so  atro- 
cious that  an  operation  is  justifiable  whatever  the 
lesion  of  the  cord. 

Operations  upon  Spinal  Injuries.  The  X-ray 
examination  preceding  the  operation  is  of  the 
greatest  importance.  A  lateral  as  well  as  an  antero- 
posterior  plate  is  always  necessary,  and  if  a  foreign 
body  is  present,  accurate  localization  must  be  carried 
out.  The  localization  of  the  foreign  body  is  so 
important  and  so  difficult  to  obtain  in  this  situation 
that  special  precautions  must  be  taken.  No  reliance 
should  be  placed  upon  stereoscopic  plates  when  used 
either  in  a  stereoscope  or  by  squinting.  They  are 
liable  to  represent  a  foreign  body  either  deep  or 
superficial  to  a  known  structure  according  to  the  pre- 
conceived idea  of  the  observer.  In  the  lumbar 
region  the  curve  of  the  spine  prevents  the  close 
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application  of  a  glass  plate  to  the  skin,  a  film  should 
be  employed  in  this  situation.  It  is  necessary  to 
place  beyond  all  possible  doubt  the  level  at  which 
a  foreign  body  lies.  The  surgeon  must  be  able  to 
attack  the  lamina  concealing  the  foreign  body  with 
confidence  that  he  is  removing  the  right  one.  Un- 
necessary removal  of  the  lamina  and  dangerous 
searching  will  be  avoided  if  the  following  procedure 
be  adopted  : 

Under  local  anaesthesia,  a  deep  silver  suture  is 
placed  at  the  side  of  the  spirious  process  of  the  sus- 
pected vertebra.  The  patient  is  then  X-rayed  and 
the  wire  left  in  situ  during  the  operation.  Whether 
the  wire  is  next  to  the  vertebra  concealing  the 
missile  or  not,  it  will  be  easy  to  identify  the  correct 
one,  which  if  not  opposite  the  wire  is  usually  the 
one  above  or  below.  A  similar  method  is  to  scratch 
the  skin  across  the  suspected  spinous  process  and 
lay  a  needle  across  the  scratch  before  taking  the 
X-ray  plate.  Some  such  precaution  is  to  be  recom- 
mended. Counting  the  vertebrae  during  an  opera- 
tion has  caused  doubt  and  difficulty  to  experienced 
operators. 

Shaving  the  skin  area  and  cleaning  with  ether 
and  biniodide  and  the  application  of  a  sterile 
dressing  two  hours  before  the  operation,  and  painting 
the  skin  with  iodine  at  the  time  of  operation  have 
given  satisfactory  results.  Local  anaesthesia  has 
usually  been  employed,  in  some  cases  combined  with 
a  light  degree  of  ether  and  chloroform  anaesthesia. 
The  use  of  local  anaesthesia  has  been  found  to  be 
so  advantageous  that  other  methods  have  been 
abandoned.  The  success  of  the  operation  depends 
largely  upon  its  use.  Several  cases  with  severe 
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chest  complications  have  suffered  no  ill  effects  from 
the  operation.  Either  the  prone  or  the  lateral 
position  may  be  employed,  the  prone  position 
gives  a  better  exposure  of  the  vertebrae.  When 
the  lateral  position  is  employed  the  lower  leg  is 
placed  in  the  extended  position,  the  upper  leg  is 
flexed,  the  knee  being  bent  to  a  right  angle,  and  a 
thick,  hard  pillow  is  placed  beneath  the  bent  knee 
and  leg.  In  this  position  the  patient  rests  com- 
fortably and  firmly  on  his  side.  An  incision  is  made 
in  the  middle  line  down  to  the  spinous  process. 
The  incision  should  be  a  long  one,  about  eight  inches 
in  length.  The  retraction  of  the  soft  part  and  ex- 
posure of  the  lamina  is  much  facilitated  by  a  long 
incision,  and  the  whole  operation  can  be  carried  out 
with  greater  ease.  The  spinous  processes  are  then 
cleared  on  both  sides  by  cutting  downwards  close 
to  the  spinous  process  to  the  lamina  through  the 
whole  length  of  the  incision.  With  a  pair  of  strong 
scissors,  the  remaining  muscles  attached  to  the 
spinous  processes  are  cut  and  cleared  away.  When 
the  soft  parts  have  been  cleared  from  the  spinous 
processes  throughout  the  whole  length  of  the  wound, 
it  will  be  possible  to  pass  a  pair  of  retractors  down 
to  the  laminae  in  the  grooves  on  either  side  of  the 
spine  and  retract  the  erector  spinae  muscles. 

The  vertebrae  can  now  be  examined  ;  if  a  depressed 
fractured  lamina  is  discovered,  the  spines  of  the 
fractured  vertebra  and  of  the  vertebra  above  and 
below  are  cut  off  and  the  fracture  examined.  In 
some  cases  the  fracture  involves  the  laminae  at  each 
side  and  these  can  be  removed  when  the  ligamenta 
subflava  have  been  divided. 

The  lamina  of  one  side  may  be  fractured  and  it 


INJURIES  OF  THE  SPINE  229 

may  only  be  necessary  to  divide  the  uninjured  side, 
or  both  laminae  being  fractured  they  can  be  removed 
without  cutting  any  bone. 

The  most  difficult  step  in  the  operation  is  the 
division  of  the  first  lamina.  The  lamina  must  be 
removed  as  far  as  the  articular  process  but  it  is  not 
necessary  to  commence  the  section  at  this  difficult 
spot  ;  the  lamina  may  be  divided  nearer  to  the 
spinous  process  and  the  remainder  of  the  lamina 
removed  with  bone  forceps.  There  are  three  well- 
known  methods  of  dividing  the  laminae,  of  which  the 
use  of  the  cutting-bone  forceps  is  probably  the 
easiest  and  most  convenient.  A  saw  may  be  used 
either  of  a  guarded  pattern,  or  a  Key's  skull  saw. 
The  cut  is  made  with  an  inward  direction  in  order 
to  avoid  the  articular  process  and  the  section  is 
completed  with  forceps.  The  drilling,  or  trephining 
method,  is  carried  out  by  cutting  a  hole  in  the  middle 
of  the  lamina  with  a  drill,  or  burr,  and  completing 
the  section  with  De  Vilbiss  or  other  suitable  forceps. 
The  entire  division  by  forceps  is  rapid  and  sufficiently 
easy.  Laminectomy  forceps,  Sargent's  craniectomy 
forceps,  or  Jansen's  gouge  forceps  may  be  used. 
Whichever  forceps  is  employed,  the  surgeon  must 
be  practised  in  the  use  of  the  instrument.  With 
well-devised  bone  forceps  the  lamina  may  be  bevelled 
until  the  edge  is  very  thin  and  easily  elevated. 

The  spinal  dura  is  separated  from  the  lamina  by 
tissue,  and  is  not  easily  injured  with  ordinary  care. 
The  infiltration  of  the  tissues  with  adrenalin  solution, 
a  long  incision  permitting  easy  retraction  and  a 
good  exposure  of  the  laminae  will  greatly  facilitate 
this  difficult  stage  of  the  operation. 

When  the  'Spinal  canal  is  opened  the  condition  of 
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the  fracture  can  be  further  investigated,  and  detached 
fragments  of  bone  or  the  missile  may  be  discovered. 
The  spinal  canal  will  sometimes  be  found  to  be  filled 
with  effused  blood,  and  a  continuous  stream  of  saline 
may  be  commenced  at  this  stage.  The  dura  is 
examined,  and  if  uninjured  and  pulsating  normally 
is  not  opened.  If  lacerations  are  present,  depressed 
fragments  of  bone  or  missiles  are  sought  for. 

In  the  dorsal  area  it  is  comparatively  easy  to 
explore  the  spinal  canal  anterior  to  the  cord.  One  or 
two  nerve-roots  may  be  divided  with  safety  in  this 
region  and  the  theca  gently  retracted.  The  nerve- 
roots  are  afterwards  sutured  with  fine  catgut. 
Operations  for  injury  to  the  cauda  equina  have 
given  the  best  results.  Any  division  of  the  cauda 
which  is  discovered  should  be  sutured.  The  prob- 
ability of  regeneration  and  recovery  of  function 
is  considerable.  The  operation  is  completed  by 
suturing  the  spinal  muscles  by  one  continuous  catgut 
suture  and  suturing  the  skin  without  drainage.  The 
wound  is  invariably  painted  with  Mastisol  wound 
varnish.  Secondary  infection  and  death  from 
meningitis  is  very  apt  to  follow  drained  laminectomy 
wounds  when  incontinence  of  urine  or  fseces  is 
present. 

At  the  conclusion  of  the  operation  and  for  some 
days  afterwards,  the  patient  is  placed  flat  on  his 
back.  The  pressure  tfpon  the  wound  is  advanta- 
geous. 

Sergeant  W was  wounded  on  October  24,  and  admitted 

to  a  base  hospital  on  October  26.  There  was  a  clean  entrance 
wound  at  the  back  of  the  neck,  two  inches  to  the  right  of  the 
spinous  process  of  the  sixth  cervical  vertebra,  and  an  exit  wound 
in  front,  below  the  margin  of  the  lower  jaw  on^he  left  side. 
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The  symptoms  present  were  left  hemiplegia  and  paralysis  of 
the  right  arm,  loss  of  sensibility  on  the  left  side,  and  hyper- 
aesthesia  of  the  right  arm  and  foot.  The  presence  of  conduc- 
tivity of  the  cord  and  the  evidence  of  fracture  of  the  fifth  cervical 
vertebra  were  considered  sufficient  reason  for  operating. 

A  long  incision  was  made  over  and  down  to  the  spine  of  the 
cervical  vertebrae,  and  the  spinous  processes  cleared  of  muscles. 
Retractors  were  placed  in  the  grooves  on  either  side  of  the  spines 
and  the  muscles  retracted ;  the  laminae  were  exposed  and 
fracture  of  the  fifth  vertebra  discovered.  The  spinous  process 
of  this  vertebrae  was  fractured,  and  the  lamina  on  the  left  side 
was  fractured  near  the  articular  process.  The  spinous  processes 
of  the  vertebrae  above  and  below  were  cut  off.  The  right  lamina 
was  divided  and  the  laminae  of  the  damaged  vertebra  removed. 
A  detached  fragment  of  bone  was  found  pressing  upon  the  spinal 
theca.  The  dura  was  not  lacerated  and  pulsated  normally.  The 
depressed  fragment  was  removed  and  the  wound  sutured.  The 
right  arm  recovered  rapidly,  and  the  following  day  sensation 
was  normal.  The  patient  suffered  from  considerable  pain  in 
the  right  arm  after  the  operation.  The  operation  wound  healed 
by  primary  union. 

The  patient  slowly  recovered  the  use  of  his  limbs,  and  three 
weeks  after  the  operation  had  completely  recovered,  with  the 
exception  of  partial  paralysis  of  the  left  arm. 


CHAPTER  X  ^ 

INJURIES  OF  BLOOD-VESSELS 

THE  injury  may  be  caused  by  bullets,  shrapnel, 
fragments  of  shell,  or  by  fragments  of  bone  driven 
into  the  vessels  by  the  impact  of  the  missile.  The 
majority  of  the  wounds  are  lateral.  There  may  be 
a  small  puncture  of  the  vessel  wall  or  a  large  portion 
may  be  destroyed.  A  wound  which  implicates 
half  or  more  of  the  circumference  allows  consider- 
able retraction  of  the  vessel,  the  intact  portion  of 
the  wall  stretching  out  as  a  cord  between  the 
almost  divided  ends.  Severe  haemorrhage  is  apt 
to  occur  from  such  wounds.  Vessels  which  are 
damaged  in  a  mobile  portion  of  their  course  are 
more  likely  to  sustain  a  lateral  wound  than  those 
which  are  more  fixed  by  branches  or  surrounding 
tissue.  On  several  occasions  lateral  wounds  have 
been  found  in  the  common  carotid  artery,  in  the 
brachial  in  the  middle  of  its  course,  in  the  femoral 
artery  in  Hunter's  canal  and  Scarpa's  triangle. 
Perforated  wounds  or  complete  division  usually 
occur  in  the  more  fixed  vessels.  Pure  perforations 
have  been  found  in  the  popliteal  artery  and  the 
lower  part  of  the  femoral  artery  in  Hunter's  canal. 
Complete  division  of  the  third  part  of  the  axillary 
artery,  the  ulnar,  radial,  and  tibial  arteries,  have 
been  found.  Some  cases  of  complete  division  of 
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the  arteries  have  been  remarkable  for  the  absence 
of  haemorrhage. 

The  severance  of  a  lateral  branch  in  close  proxi- 
mity to  the  main  artery  causes  a  modified  lateral 
wound  which  is  liable  to  cause  severe  haemorrhage. 
Incomplete  injuries,  causing  damage  to  the  vessel 
wall  without  perforation,  occasionally  occur  ;  these 
injuries  often  give  rise  to  severe  haemorrhage 
when  the  damaged  tissue  gives  way.  The  presence 
of  sepsis  greatly  favours  this  termination. 

THE  RESULTS  OF  INJURY  TO 
BLOOD-VESSELS 

(1)  Haemorrhage.  Severe  primary  haemorrhage 
has  not  been  a  prominent  feature  in  the  history  of 
military  surgery,  even  when  it  is  remembered  that 
the  more  severe  cases  do  not  often  come  under 
observation.  Cases  complicated  by  severe  com- 
pound fracture  are  more  liable  to  give  rise  to 
primary  haemorrhage  than  wounds  of  the  soft  tissue. 
The  treatment  of  such  haemorrhage  is  ligature 
immediately  above  and  below  the  bleeding-point  ; 
such  treatment,  however,-  can  only  be  carried  out 
as  a  part  of  the  set  operation  for  the  treatment 
of  the  wound.  The  patient  will  have  to  be  con- 
veyed to  a  suitably  equipped  medical  unit  where 
this  can  be  carried  out.  Temporary  arrest  of 
the  haemorrhage  will  be  required  and  this  can 
be  effected  in  the  vast  majority  of  cases  by 
direct  pressure  on  the  wound.  Gauze,  impregnated 
either  with  strong  salt  solution  or  weak  anti- 
septic packed  firmly  into  the  wound  and  firmly 
bandaged  will  be  found  to  be  the  most  useful 
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temporary  treatment.  A  tourniquet  should  not  be 
used  unless  a  wound  of  some  large  vessel  renders 
it  absolutely  necessary.  It  must  be  regarded  rather 
as  a  step  of  a  surgical  operation  than  as  treat- 
ment per  se,  the  investigation  of  the  wound 
following  its  application  without  delay.  The 
application  of  a  tourniquet  is  not  such  an  easy 
matter  as  is  generally  supposed.  A  stout  rubber 
tube  tourniquet  may  be  applied  with  considerable 
force  to  the  thigh  without  controlling  the  femoral 
artery,  the  result  being  that  the  haemorrhage  is  in- 
creased by  compression  of  the  veins.  A  suitable  pad 
should  always  be  placed  over  the  artery  and  included 
in  the  tourniquet  or  really  dangerous  pressure  will 
be  required  to  control  the  artery. 

(2)  Gangrene.  It  is  impossible  to  decide  when 
gangrene  will  follow  occlusion  of  a  vessel.  The 
common  femoral  and  popliteal  arteries  appear  to 
be  the  most  dangerous  in  this  respect ;  nor  is  it 
possible  to  determine  the  effect  of  ligature  of  the 
corresponding  veins.  The  superficial  femoral 
vessels,  both  artery  and  vein,  have  on  several 
occasions  been  ligatured  simultaneously  without 
any  apparent  devitalization  of  the  limb.  The 
common  femoral  artery  has  been  ligatured  upon 
several  occasions.  Several  factors  enter  into  the 
causation  of  gangrene  in  addition  to  the  actual 
cutting  off  of  blood-supply  by  the  occlusion  of  a 
vessel.  The  pressure  of  extravasated  blood  upon 
vessels  necessary  to  the  establishment  of  collateral 
circulation  and  the  lowering  of  the  vitality  of  the 
surrounding  tissues  by  sepsis  are  concomitant 
causes  of  gangrene.  Interference  with  the  nerve 
supply  is  also  a  probable  factor.  Gangrene  has 
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followed  the  ligature  of  vessels  when  gross 
lesions  of  peripheral  nerves  have  been  present. 
Vaso-motor  nerves  accompany  the  great  vessels 
and  injury  of  these  nerves  may  play  an  important 
part  in  the  production  of  gangrene.  Speaking 
generally,  ligature  of  blood-vessels  appears  to  be 
free  from  dangerous  sequelae.  Three  exceptions 
may  be  made  to  this  observation,  the  common 
femoral  and  the  popliteal  on  account  of  the  liability 
of  gangrene  of  the  limb,  and  the  carotid  vessels 
on  account  of  their  distribution  to  the  brain.  On 
one  occasion  we  ligatured  the  common  femoral 
artery  and  vein  without  gangrene  supervening. 

(3)  False  Aneurysm.  A  wounded  artery  bleeds 
into  the  surrounding  tissues  and  a  hsematoma 
results.  If  the  surrounding  tissues  are  sufficiently 
firm  and  the  wound  in  the  vessel  does  not  heal, 
a  false  aneurysm  results  ;  a  pulsating  and  well- 
defined  tumour  is  formed,  the  laceration  of  the 
artery  permitting  the  blood  to  distend  the  cavity. 
A  wound  of  the  femoral  artery  in  Hunter's  canal 
has  been  the  most  common  cause  of  this  condition. 
The  firm  fibro -muscular  walls  of  the  canal  restrict 
the  haemorrhage,  the  wounds  of  the  canal  walls 
heal ;  the  blood  remaining  within  a  cavity  com- 
municating with  the  lumen  of  the  femoral  artery. 
These  injuries  often  remain  quiescent  for  two  or 
three  weeks,  a  certain  amount  of  clotting  occurs, 
and  then  a  small  amount  of.  haemorrhage  takes 
place  through  the  original  wound.  In  aseptic 
cases,  either  the  wound  in  the  vessel  may  heal  and 
the  haematoma  be  absorbed  or  the  wound  in  the 
vessel  remains  patent  and  the  wounds  of  the  canal 
heal.  In  the  latter  case  a  false .  aneurysm  will 
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remain  which  may  undergo  spontaneous  cure  by 
the  formation  of  clot.  In  the  majority  of  cases 
the  aneurysm  increases  in  size  and  is  a  condition 
of  considerable  danger.  Many  of  these  false 
aneurysms  present  the  clinical  picture  of  secondary 
haemorrhage,  a  recurrence  of  haemorrhage  occurring 
through  the  original  wound  at  a  variable  period 
after  the  injury. 

The  treatment  is  to  expose  the  injured  vessel 
and  either  apply  a  ligature  above  and  below  the 
laceration  or  repair  the  injury  to  the  vessel. 

Arterio  -  Venous  Aneurysm.  This  compound 
aneurysm  may  result  from  the  simultaneous  injury 
of  an  artery  and  vein.  It  is  usual  to  divide  these 
cases  into  two  classes. 

Aneurysmal  Varix.  An  artery  and  vein  adhere 
and  the  arterial  blood  passes  directly  into  the  vein. 
The  vein  is  distended  by  the  pressure  of  the  arterial 
blood  and  forms  a  pulsating  aneurysm. 

Varicose  Aneurysm.  An  artery  and  a  vein  bleed 
into  the  surrounding  tissues  and  form  a  false 
aneurysm.  The  sac  of  the  aneurysm  communi- 
cates directly  with  the  lumen  of  each  vessel  so  the 
arterial  blood  will  flow  through  the  aneurysm  into 
the  vein.  A  false  aneurysm  can  usually  be  detected 
by  a  swelling  in  the  course  of  a  wounded  artery 
and  the  absence  of  a  distal  pulse.  A  systolic 
murmur  of  blowing  character  may  be  heard.  An 
aneurysmal  varix  .gives  rise  to  a  "  machinery  " 
murmur  after  the  third  or  fourth  day. 

The  Course  of  Arterio-Venous  Aneurysms.  A 
common  course  is  a  steady  contraction  of  the  sac 
resulting  in  a  spontaneous  cure.  The  following 
complications  of  false  aneurysm  and  arterio-venous 
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aneurysm  are  not  uncommon.  Pressure  effects 
particularly  paralysis  ;  external  or  internal  haemor- 
rhage ;  haemorrhage  into  adjacent  structures ; 
embolism.  In  the  neck  haemorrhage  may  take 
place  into  the  oesophagus  or  trachea. 

Treatment  of  Arterio-Venous  Aneurysm.  The 
method  of  treatment  which  at  once  suggests  itself 
is  ligature  of  the  afferent  and  efferent  vessels  and 
excision  of  the  sac.  In  practice  this  ideal  treat- 
ment may  be  impossible  from  the  local  condition 
of  the  tissues  or  from  the  importance  of  the  vessels 
involved.  More  favourable  conditions  for  the 
performance  of  this  radical  operation  are  obtain- 
able by  allowing  a  long  interval  to  elapse  after 
the  injury.  It  is,  therefore,  usually  advisable, 
if  the  symptoms  produced  by  the  aneurysm 
are  slight  and  the  wound  is  aseptic,  to  wait 
several  months  before  undertaking  the  operation. 
Increase  in  size  of  the  aneurysm  or  sepsis,  on  the 
other  hand,  are  indications  for  operation  without 
delay. 

Treatment  by  Ligature  of  Vessels.  Ligature  of 
all  vessels  involved  is  satisfactory  in  the  case  of 
the  unimportant  vessels.  The  sac  may  either  be 
excised  at  the  same  time  or  left  alone.  When 
important  vessels  are  involved  gangrene  may  occur. 
When  it  is  only  possible  to  conserve  one  of  the 
vessels  forming  an  arterio-venous  aneurysm,  the 
vein  is  to  be  saved,  being  of  more  importance  than 
the  artery  and  admitting  of  easier  repair.  An 
aneurysm  involving  the  common  carotid  or  internal 
carotid  and  internal  jugular  vein  is  an  exception 
to  this  rule.  The  carotid  artery  should  be  preserved 
in  preference  to  the  vein. 
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Treatment  by  Reconstruction  of  the  Vessels. 
This  is  the  treatment  of  choice,  when  important 
vessels  are  involved.  It  is  essential  that  the 
bleeding  be  efficiently  controlled  and  that  a  good 
exposure  of  the  vessels  be  obtained,  a  very  free 
incision  should  be  made.  The  infiltration  of  the 
operation  area  by  local  anaesthetic  solution  con- 
taining adrenalin  will  often  be  an  advantage.  If 
the  injured  vessels  are  so  situated  as  to  permit 
the  use  of  a  tourniquet  during  the  operation  one 
should  be  applied. 

When  a  Sac  is  Present.  The  sac  may  be  excised 
conserving  the  vessels  as  much  as  possible.  The 
vein  admits  of  a  greater  chance  of  repair  than 
the  artery,  therefore  in  difficult  cases  the  con- 
servation of  the  vein  wall  should  usually  be  obtained 
at  the  expense  of  the  artery.  In  such  cases  the 
operation  is  completed  by  ligaturing  the  artery 
above  and  below  the  aneurysm  and  repairing  the 
vein.  When  the  sac  has  been  removed  and  the 
vessels  separated,  if  the  wound  in  the  artery  and 
vein  can  be  closed  without  too  much  narrowing, 
they  may  be  closed'  by  Carrel's  method. 

When  no  sac  is  present  the  vessels  are  separated 
and  if  the  lateral  wounds  permit  of  repair  the 
wounds  are  sutured.  If  extensive  laceration  of  a 
vessel  exists,  it  may  either  be  repaired  by  excision 
of  the  lacerated  segment  and  end-to-end,  suture 
employed,  or  the  vessel  may  be  ligatured  above 
and  below  the  injury. 

The  Repair  of  Injury  to  Vessels.  The  repair  of 
some  large  vessels  has  been  undertaken  as  part  of 
the  primary  treatment  of  a.  wound.  For  example, 
the  femoral  artery  has  been  repaired  at  the  opera- 
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tion  for  the  removal  of  a  missile,  in  spite  of  the 
presence  of  sepsis.  The  repair  of  vessels  injured 
by  missiles  would  appear  to  deserve  some  con- 
sideration. Sepsis  is  usually  present  and  has 
usually  been  held  to  negative  the  conservative 
operation  of  suture.  It  is  possible  that  the  opera- 
tion of  repair  might  be  undertaken  in  some  cases 
in  preference  to  that  of  ligature  with  advantage, 
notwithstanding  the  presence  of  sepsis.  Whether 
the  surgeon  leaves  a  repaired  lateral  wound  of  the 
vessel  or  a  ligatured  cross  section  the  damaged 
vessel  must  be  left  to  heal  in  a  septic  wound. 

The  effect  of  a  septic  wound  upon  exposed  blood- 
vessels is  somewhat  variable.  In  many  cases  large 
vessels  have  been  seen  exposed  in  a  septic  wound 
without  any  apparent  harm  to  the  vessels  resulting, 
whilst  in  other  cases  secondary  haemorrhage  has 
followed.  It  appears  probable  that  an  injured 
vessel  withstands  the  influence  of  sepsis  and  that 
vessels  damaged  by  localized  pressure  or  bruising 
by  a  missile  are  predisposed  to  necrosis. 

Repair  of  Small  Lateral  Wounds  of  Vessels  by 
Ligature.  Small  wounds  of  both  arteries  and 
veins  may  be  repaired  by  grasping  the  wall  of  the 
vessel  at  the  edge  of  the  laceration  with  artery 
forceps  and  pulling  upon  the  vessel  wall  with  the 
forceps  until  it  forms  a  teat -like  prominence.  A 
ligature  is  then  placed  upon  the  teat  and  the 
forceps  removed.  Transfixion  of  the  teat-like  wall 
by  ligature  may  be  employed  for  additional  safety. 

The  Repair  of  Vessels  by  Fascial  Grafts.  The 
experience  of  the  repair  of  cranial  sinuses  by  cutting 
a  graft  of  fascia  lata  and  applying  this  to  the  vessel 
has  led  to  the  application  of  this  treatment  to 
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wounds  of  veins.  George  Brewer  has  applied  strips 
of  very  thin  rubber  plastic  coated  with  adhesive 
material  to  wounded  vessels.  The  objections  to 
the  method  are  that  it  is  difficult  to  apply  the 
strapping  with  the  right  tension  and  a  foreign 
body  is  left  in  the  wound.  The  use  of  fascia  for 
the '  repair  of  vessels  fulfils  the  advantages  of 
Brewer's  method  without  these  disadvantages  and 
also  obviates  any  difficulty  in  obtaining  the  material 
when  it  is  required.  Lateral  wounds  of  large  veins 
are  the  most  suitable  cases  for  this  treatment.  A 
piece  of  fascia  lata  is  cut  of  sufficient  size  to  wrap 
round  the  vessel  and  placed  upon  a  slightly  larger 
piece  of  jaconet  or  rubber.  The  vessel  is  cleaned 
by  removing  the  fibrous  sheath  from  the  neigh- 
bourhood of  the  wound.  The  bleeding  is  controlled 
by  pressing  a  swab  on  the  wound  of  the  vessel. 
The  edge  of  the  fascia,  supported  by  the  rubber, 
is  placed  against  the  vessel  wall  and  rolled  over 
the  laceration,  replacing  the  swab  which  is  slowly 
removed,  and  the  fascia  takes  its  place.  The 
fascia  is  pressed  firmly  upon  the  vessel  for  about 
a  minute,  the  rubber  is  then  taken  off,  and  the 
fascia  should  be  firmly  adherent. 

The  Repair  of  Vessels  by  Suture.  How  far  suture 
of  vessels  should  take  the  place  of  ligature  remains 
to  be  decided.  The  advantages  of  suture  are 
obvious.  The  whole  point  of  the  question  is  the 
danger  of  suture.  Vessels  possess  remarkable 
powers  of  healing,  and  lateral  wounds  of  arteries 
and  veins  which  are  of  small  size  can  be  repaired 
with  ease.  So  far  as  aseptic  wounds  are  concerned 
the  question  is  a  simple  one,  lateral  wounds  can 
be  repaired  by  one  of  the  methods  described  and 
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large  wounds  can  be  repaired  by  end-to-end  suture. 
In  the  case  of  septic  wounds,  I  have  repaired  small 
lateral  wounds  of  main  arteries  by  direct  suture 
with  good  results.  I  think  the  method  is  worthy 
of  more  extensive  trial.  I  particularly  recommend 
the  following  method  of  repair  for  small  lateral 
wounds  of  large  arteries.  An  assistant  controls 
the  artery  by  digital  pressure,  and  the  laceration 
is  closed  by  a  continuous  interstitial  suture.  The 
finest  plain  curved  needles  of  the  Moynihan  pattern 
carrying  the  finest  catgut  are  employed.  The  gut 
is  run  through  vaseline.  The  stitch  is  the  same 
as  that  used  in  subcuticular  suture  of  skin  wounds. 
The  middle  coat  only  is  sutured,  neither  the  internal 
nor  external  being  pierced.  Commencing  at  one 
end  of  the  wound  the  stitches  are  passed  longi- 
tudinally to  the  vessel,  the  needle  entering  and 
emerging  on  each  side  on  the  raw  edge  of  the 
laceration  in  a  line  midway  between  the  inner  and 
outer  surfaces  of  the  vessel  wall.  To  avoid  cutting 
out  each  stitch  takes  a  relatively  large  bite  of 
tissue.  When  the  laceration  has  been  traversed 
traction  is  made  upon  the  ends  of  the  suture  and 
the  raw  edges  come  into  apposition.  The  line  of 
union  is  then  covered  by  a  fascial  flap.  No  knots 
are  required,  but  in  some  cases,  for  safety,  a  pad 
covered  by  vaselined  fubber  has  been  placed  on 
the  fascial  covering  and  the  ends  of  the  suture 
tied  over  it.  The  wound,  unless  clean,  is  packed 
with  salt  sacs,  as  described  elsewhere. 

Injuries  of  the  Great  Vessels  of  the  Neck.  In 
addition  to  the  obvious  danger  of  haemorrhage 
special  difficulties  attend  the  treatment  of  these 
serious  injuries.  The  control  of  hsemorrhage  or 
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the  treatment  of  an  aneurysm  by  ligature  is  apt 
to  be  followed  by  dangerous  complications.  Less 
reliance  can  probably  be  placed  upon  the  collateral 
circulation  of  the  brain  than  might  be  supposed. 
In  the  following  case  the  haemorrhage  was  con- 
trolled before  the  loss  of  blood  alone  would  have 
accounted  for  the  untoward  result.  The  case 
shows  that  haemorrhage  from  a  great  vessel  can  be 
adequately  controlled  by  packing.  How  far  the 
deleterious  effect  of  pressure  upon  surrounding 
structures  contributed  to  the  non-success  it  is 
impossible  to  decide.  The  condition  of  the  brain 
at  the  autopsy  made  clear  the  effect  of  suddenly 
cutting  off  the  circulation  of  a  large  area  of  brain. 

Private  L was  wounded  behind  the  left  sterno-mastoid 

muscle  by  a  shrapnel  bullet,  the  missile  was  located  by  X-ray 
examination  lying  to  the  inner  side  of  the  common  carotid  artery 
about  an  inch  above  the  sternum.  The  missile  was  easily 
removed  by  making  an  incision  in  the  line  of  the  artery,  deepening 
the  incision  to  the  inner  side  of  the  artery,  and  removing  the  bullet 
with  a  scoop.  No  injury  to  the  vessel  was  apparent.  The  wound 
was  septic,  about  a  drachm  of  pus  was  swabbed  out  of  the 
cavity  which  the  bullet  had  occupied.  Gauze  soaked  in  saline 
solution  was  passed  into  the  cavity.  The  patient  rapidly 
recovered  and  was  allowed  to  walk  about  the  hospital  a  week 
after  the  operation.  Three  weeks  after  the  operation  the  wound 
appeared  to  be  clean  and  was  nearly  healed.  When  leaving 
the  hospital  in  an  ambulance,  severe  haemorrhage  suddenly 
occurred.  The  patient  was  immediately  taken  to  the  operating 
room,  the  bleeding  controlled  by  pressure.  In  my  absence  the 
operation  was  performed  by  a  colleague  who  discovered  a  wound 
in  the  common  carotid  artery  and  plugged  the  wound  in  the 
vessel,  which  admitted  the  tip  of  the  finger,  and  the  rest  of  the 
wound  with  salted  gauze :  the  patient's  condition  being  con- 
sidered too  -serious  to  allow  of  prolonging  the  operation.  The 
patient  was  extremely  ill  the  following  day  and  since  the  haemor- 
rhage was  well  controlled,  1  decided  not  to  remove  the  gauze 
and  ligature  the  vessel.  The  following  day  the  patient  became 
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hemiplegic  and  passed  into  a  state  of  drowsy  stupor  from  which 
he  never  recovered,  dying  three  days  after  the  hsemorrhage. 
At  the  autopsy  the  left  side  of  the  brain  was  in  an  advanced 
state  of  softening.  No  hsemorrhage  occurred  after  the  operation. 

Cases  of  injury  to  the  common  carotid  artery 
coming  under  treatment  in  hospital  will  be  few 
in  number  owing  to  the  gravity  of  the  injury.  The 
surgeon  will  have  to  decide  whether  the  vessel 
should  be  ligatured  or  repaired.  If  the  wound  of 
the  artery  were  small  and  the  wound  apparently 
clean,  repair  of  the  vessel  by  one  of  the  suturing 
methods  would  probably  be  the  better  treatment. 
The  patient  would  probably  be  given  his  best 
chance  in  such  a  case  by  washing  the  wound  with 
saline  solution  and  sewing  up  direct.  In  cases 
in  which  fear  of  sepsis  precluded  suture  of  the 
wound  without  drainage,  a  cigarette  drain  of  soft 
rubber  sheeting  or  a  drain  made  from  a  surgeon's 
rubber  glove  might  be  employed.  The  drain 
should  not  come  in  contact  with  the  vessel.  In 
definitely  septic  'cases  suture  of  the  vessel  will  be 
a  dangerous  procedure ;  if  suture  is  undertaken, 
packing  the  wound  with  salt  sacs  after  protecting 
the  vessel  by  additional  gauze  will  be  the  most 
promising  treatment.  Injury  of  the  jugular  vein 
may  be  treated  by  ligature,  suture,  or  the  applica- 
tion of  a  fascial  graft.  In  emergencies,  pressure 
forceps  may  be  left  on  the  laceration  of  the  vein 
or  plugging  with  gauze  employed. 

Arterio  -  Venous  Aneurysms  of  the  Neck.  A 
swelling  develops  when  the  hsemorrhage  ceases 
which  is  usually  somewhat  diffuse  at  first.  A  more 
definite  margin  and  increasing  firmness  are  later 
developments.  The  skin  over  the  aneurysm  may 
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be  ecchymosed.  Some  contraction  of  the  swelling 
usually  occurs  after  a  few  days.  The  size  of  the 
swelling  then  either  remains  more  or  less  stationary 
and  a  steady  decrease  takes  place  later  on  or  a 
fresh  extension  of  the  tumour  takes  place.  In 
the  latter  case  the  tumour  becomes  softer,  the 
definite  margin  is  lost,  and  the  patient  complains 
of  pain. 

A  thrill  is  pathognomonic  of  arterio-venous 
aneurysm,  it  may  be  obscured  by  swelling  attending 
an  injury  in  the  early  stages.  The  thrill  is  more 
easily  felt  by  light  palpation  than  by  heavier 
pressure. 

A  machinery  murmur,  which  is  often  troublesome 
to  the  patient,  is  always  present. 

Expansile  pulsation  is  also  pathognomonic  of  an 
aneurysm,  but  cannot  always  be  detected.  In  the 
early  stages  the  diffuse  nature  of  the  cavity  makes 
expansile  pulsation  unnoticeable. 

Sir  George  Makins  lays  great  stress  upon  the 
influence  of  aneurysms  upon  the  general  circula- 
tion. The  pulse-rate  is  invariably  accelerated. 

In  some  cases  the  aneurysm  diminishes  in  size 
and  may  undergo  spontaneous  cure. 

It  is  of  the  greatest  importance  to  wait  if  possible 
for  several  months  after  the  injury  before  under- 
taking an  operation.  The  condition  of  the  tissues 
then  makes  the  operation  safer  and  the  effect  of 
ligature  of  the  vessels  upon  the  parts  supplied  by 
them  is  less  harmful. 

Cases  may  be  considered  in  three  classes  : 

(a)  Cases  in  which  the  aneurysm  is  stationary 
or  decreasing  in  size.  In  such  cases  it  is  only 
necessary  to  wait  for  several  months  and  then 
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perform  one  of  the  set  operations  for  the  cure  of 
aneurysm. 

(b)  Cases  in  which  the  size  of  the  aneurysm  is 
increasing,  or  in  which  symptoms  of  pressure  upon 
surrounding  structures  or  interference  with  respira- 
tion make  immediate  operation  necessary. 

Proximal  ligature  of  the  artery  under  local 
anaesthesia  is  probably  the  safest  provisional  treat- 
ment for  such  cases. 

(c)  Cases  in  which  the  aneurysm  is  complicated 
by  suppuration  and  abscess  formation. 

These  cases  form  a  very  dangerous  class  and 
require  immediate  operation. 

Necrosis  and  rupture  of  the  sac,  rapid  enlarge- 
ment of  the  aneurysm,  and  interference  with 
respiration  form  the  most  urgent  complications 
against  which  it  is  necessary  to  guard.  The  fol- 
lowing case  is  an  example  of  a  rapidly  increasing 
aneurysm  with  rupture  of  the  sac  in  the  presence 
of  suppuration.  The  danger  of  waiting  in  such 
cases  is  exemplified  : 

Sergeant  L was  wounded  by  a  bullet  which  entered  the 

root  of  the  neck  immediately  above  the  sternum  slightly  to  the 
left  of  the  middle  line  and  made  its  exit  two  inches  to  the  left 
of  the  spine  of  the  seventh  cervical  vertebra.  Four  days  after 
the  injury  a  diffuse  swelling  was  noticed  above  the  clavicle,  the 
swelling  became  more  localized  during  the  following  days,  and 
ten  days  after  the  injury  occupied  an  area  about  the  size  of  a 
tangerine  orange  in  the  angle  formed  by  the  middle  line  of  the 
neck  and  the  clavicle.  The  entrance  and  exit  wounds  had 
scabbed  over,  and  no  sign  of  suppuration  was  present.  Ex- 
pansile pulsation  of  the  swelling  could  be  felt  and  a  murmur 
could  be  heard  over  it.  The  patient's  pulse  rate  was  130.  For 
some  days  the  swelling  appeared  to  remain  the  same  size,  but 
on  the  fourteenth  day  after  the  injury  it  began  to  increase  in 
size,  and  on  the  sixteenth  day  the  patient's  respirations  became 
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embarrassed.  An  abscess,  which  pressed  upon  the  trachea,  had 
formed  adjacent  to  the  aneurysm.  The  patient's  condition  was 
very  serious,  dyspnoea  was  present  and  immediate  relief  from 
the  interference  with  respiration  was  imperative.  An  incision 
was  made  over  the  aneurysm  and  the  pus  evacuated.  Four 
hours  later  there  was  a  gush  of  blood  from  the  wound,  which 
was  controlled  by  direct  pressure  until  the  operation  for  ligature 
was  prepared.  The  aneurysm  extended  downwards  behind  the 
sterno-clavicular  articulation,  a  rent  was  found  upon  its  anterior 
surface.  A  finger  was  passed  into  this  and  the  proximal  aperture 
of  the  common  carotid  discovered.  By  pulling  the  vessel  and 
sac  upwards  it  was  found  possible  to  pass  a  ligature  round  the 
vessel  proximal  to  the  sac.  The  patient  died  the  day  following 
the  operation. 

The  chief  difficulty  in  this  case  was  the  low 
position  of  the  aneurysm.  A  more  hopeful  treat- 
ment would  have  been  to  have  made  an  incision 
into  the  septie  area  and  packed  the  wound  firmly 
with  salt  sac  as  soon  as  suppuration  was  detected. 
When  the  wound  had  become  clean,  by  resecting 
the  clavicle  a  proximal  ligature  could  have  been 
applied.  The  treatment  which  would  appear  most 
applicable  when  the  artery  proximal  to  the  aneurysm 
is  easy  of  access,  is  ligature  of  the  vessel  above  and 
below  the  aneurysm  and  packing  the  wound  with 
salt  sacs. 


CHAPTER  XI 
HEMORRHAGE 

HAEMORRHAGE  from  the  majority  of  wounds  can 
be  controlled  by  direct  pressure  when  the  first  field 
dressing  is  applied.  A  tourniquet  is  much  more 
difficult  to  apply  efficiently  and  may  be  dangerous 
in  its  effects.  The  tourniquet  is  only  necessary 
in  an  extremely  small  number  of  cases.  When  a 
wound  has  bled  and  is  being  treated  at  a  field 
ambulance  the  conventional  advice  is  to  find  the 
injured  vessel  and  ligature  it.  In  many  cases  the 
vessel  cannot  be  found  at  the  operation  and  the 
bleeding  comes  on  again  during  transport.  The 
ligature  of  a  vessel  in  a  septic  wound  may  not  be 
curative  by  any  means  and  recurrent  or  secondary 
haemorrhage  may  occur.  Ligature  of  an  artery  in 
its  continuity  at  a  point  proximal  to  the  wound 
will  not  cure  the  haemorrhage  if  the  collateral  cir- 
culation is  extensive,  and  will  probably  cause 
gangrene  if  the  collateral  circulation  is  poor.  The 
means  of  treatment  at  our  disposal  therefore  are  liga- 
ture of  bleeding  or  injured  vessels  in  the  wound  and 
packing  the  wound. 

Operations  undertaken  for  the  control  of  primary 
haemorrhage  are  carried  out  more  conveniently  if 
a  tourniquet  is  first  applied.  If  a  missile  is  present 
and  easy  of  access  a  piece  of  gauze  wrung  out  with 
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iodine  may  be  packed  into  the  track,  and  the  en- 
trance wound  ^and  as  much  of  the  track  as  possible 
excised ;  the  missile  can  then  be  removed,  and  any 
bleeding  vessels  which  may  be  present  sought  for 
and  ligatured.  The  wound  may  then  be  washed  out 
and  packed  with  gauze  wrung  out  with  5  per  cent, 
saline  solution,  tablets  of  salt  being  enclosed  in 
the  gauze.  The  dressing  will  not  require  changing 
for  several  days.  It  is  usually  advisable  to  pass  a 
drainage-tube  into  the  depth  of  the  wound  and  pack 
around  the  tube. 

Severe  comminuted  fractures  with  great  destruc- 
tion to  the  soft  parts  and  injury  to  the  great  vessels 
will  require  amputation  as  a  primary  measure. 

"  Haemorrhage.  Neither  bullet  nor  shell  wounds 
usually  bleed  much  in  those  patients  who  reach  a 
field  ambulance  or  a  clearing  station,  for  if  haemor- 
rhage has  continued  from  a  large  vessel,  the  bleeding 
is  in  most  cases  rapidly  fatal.  If,  however,  there 
is  obvious  haemorrhage  from  an  artery  in  an  open 
wound  this  should  be  tied  ;  but  if  there  is  only 
bleeding  from  the  track  of  a  bullet,  this  can  nearly 
always  be  arrested  by  careful  firm  bandaging  over 
a  splint.  If  this  is  insufficient,  the  wound  may  be 
plugged  in  addition,  but  plugging  is  liable  to  en- 
courage septic  infection  and  gaseous  cellulitis,  and 
should  only  be  resorted  to  in  case  of  urgent  necessity. 

"  Haemorrhage  should  be  arrested  if  possible  in 
the  field  ambulance. 

"  //  bleeding  lias  been  arrested  by  plugging  the 
wound,  a  special  note  of  this  should  be  sent  with  the 
patient  for  the  information  of  the  medical  officer  to 
whose  care  he  is  consigned. 

"  If  the  bleeding  is  evidently  arterial,  and  copious, 
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the  wound  should  be  enlarged  under  an  anaesthetic, 
and  the  bleeding  vessel  sought  for  and  tied.  It  is 
hardly  ever  permissible  to  tie  a  main  artery  in  con- 
tinuity on  the  proximal  side  of  the  bleeding-point  at  a 
distance  from  the  wound.  If  a  tourniquet  has  been 
applied  on  the  field,  this  should  always  be  removed 
as  soon  as  possible  in  every  case,  otherwise  gangrene 
is  easily  caused.  If  no  bleeding  follows  removal  of 
the  tourniquet  nothing  more  should  be  done.  If 
bleeding  recurs  the  treatment  advised  above  should 
be  adopted.  It  is  quite  wrong  to  leave  a  tourniquet 
applied  for  several  hours,  and  a  note  should  always 
accompany  a  case  in  which  a  tourniquet  is  in  place, 
lest  it  be  overlooked." — Memorandum  of  Treatment. 
Secondary  and  Recurrent  Haemorrhage.  It  is  diffi- 
cult to  realize,  without  having  seen  the  tragedies 
associated  with  secondary  haemorrhage,  how  real  are 
the  dangers  of  this  condition.  The  mere  enumera- 
tion of  symptoms,  remedies  and  sequelae  can  convey 
no  conception  of  the  perils  of  this  condition.  Secon- 
dary haemorrhage  occurring  from  any  artery  of 
moderate  size  is  far  more  difficult  to  treat  and  far 
more  unsatisfactory  as  regards  prognosis  than  might 
be  supposed.  Some  of  the  most  terrible  failures  are 
to  be  found  among  cases  of  gunshot  fracture  of  the 
femur.  A  patient  is  suffering  from  a  compound 
fracture  of  the  femur,  the  wound  is  septic,  but  the 
fracture  has  been  well  treated  by  efficient  splinting 
and  there  is  every  prospect  of  the  patient's  recovery. 
The  patient  probably  writes  home  to  this  effect. 
Suddenly  a  rather  smart  haemorrhage  occurs  from 
the  wound,  the  haemorrhage  is  temporarily  checked 
by  a  tourniquet,  digital  pressure  over  the  artery  or 
direct  pressure.  The  patient  is  taken  to  the  opera- 
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ting-room  and  the  wound  examined  ;  in  some  cases 
no  bleeding  now  takes  place  when  the  pressure  is 
removed  ;  in  others  the  site  of  bleeding  cannot  be 
located.  Is  the  surgeon  to  ligature  a  main  artery 
in  its  continuity  ?  If  so,  which  artery  ?  It  is 
useless  to  tie  the  superficial  femoral  if  the  profunda 
is  at  fault.  It  is  useless  to  tie  the  common  femoral 
if  the  haemorrhage  is  from  the  sciatic  or  gluteal  vessels. 
The  surgeon  cannot  sacrifice  a  limb  for  a  slight 
haemorrhage,  and  can  neither  find  the  bleeding  vessel 
nor  decide  which  main  trunk  to  tie.  Finally,  he 
plugs  the  wound.  The  patient  goes  back  to  bed  and 
all  goes  well  for  a  few  days  and  then  the  haemorrhage 
recurs.  The  same  programme  is  gone  through  again, 
the  same  predicament  confronts  the  surgeon.  The 
patient's  condition  is  not  so  good  this  time.  Some- 
thing has  got  to  be  done.  The  surgeon  ties  the 
common  femoral.  The  patient  has  to  run  the  risk 
of  gangrene,  but  as  a  matter  of  fact  this  seldom 
occurs  ;  ligature  of  the  main  trunk  in  its  continuity 
is  notoriously  ineffective.  A  venous  haemorrhage  or 
haemorrhage  from  the  posterior  vessels  occurs,  and 
the  patient,  worn  out  from  sepsis,  shock,  and  loss  of 
blood,  dies  before  the  ultimate  result  of  the  ligature 
is  manifest.  This  picture  is  not  an  uncommon  one 
and  if  it  is  a  pessimistic  view,  it  is  warranted.  The 
condition  is  a  most  insidious  one,  the  surgeon  is 
tempted  by  temporary  success  and  the  apparent 
safety  of  the  patient  to  temporise  again  and  again. 
Suddenly  it  is  too  late  to  do  any  more,  the  patient 
is  dying.  Briefly  there  are  four  remedies  available 
for  the  treatment  of  this  condition  : 

(1)  Plugging.     This  method  succeeds  with  small 
vessels  and  is  quite  justifiable  below  the  elbow  or 
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knee.     Sterile  salt  or  tabloids  should  be  included 
in  the  packing. 

(2)  Ligature  of  the  vessel  above  and  below  the  seat 
of  haemorrhage.     This  is  the  ideal  treatment,  but 
only  too  often  the  bleeding  vessel  cannot  be  found. 

(3)  Ligature  of  the  artery  in  its  continuity  at  a 
point   proximal  to   the   haemorrhage.     It   is   very 


FIG.  36. — Aluminium  splint  used  in  a  case  of  secondary 

haemorrhage  from  the  posterior  tibial  artery.     Dressings 

are  not  shown, 

exceptionally  justifiable  as  in  the  case  of  ligature 
of  the  external  carotid  of  Lieut.  D.  G.  Greenfield's 
patient  quoted  in  this  chapter. 
(4)  Amputation. 

Secondary  Haemorrhage  complicating  Fracture  of 
the   Femur.      The   following  case  exemplifies  the 
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dangers  and  difficulties  arising  from  shock  associated 
with  fracture  of  femur  : 

Private  L was  shot  through  the  upper  part  of  the  thigh,  the 

bullet  entering  the  limb  two  inches  below  Poupart's  ligament  and 
to  the  inner  side  of  Scarpa's  triangle.  The  exit  wound  was  on 
the  outer  side  of  the  thigh  about  an  inch  below  the  great  tro- 
c banter.  The  shaft  of  the  femur  in  its  upper  part  was  badly 
comminuted.  The  day  following  the  injury  the  patient  was 
operated  upon  at  a  clearing  station.  Free  incisions  were  made 
enlarging  the  wounds  of  entrance  and  exit  and  drainage-tubes 
were  inserted.  The  wounds  were  dressed  with  moist  antiseptic 
gauze  soaks.  The  limb  was  splinted  by  a  back  splint,  and  wooden 
side  splints.  The  patient  was  transferred  to  the  base  three  days 
after  the  drainage  operation.  On  the  morning  following  the 
patient's  arrival  at  the  base  the  nurse  in  charge  discovered  brisk 
arterial  haemorrhage  and  immediately  stopped  the  bleeding  by 
putting  on  a  tourniquet.  Only  a  few  ounces  of  blood  were  lost 
and  the  patient's  general  condition  was  quite  good.  The  patient 
was  at  once  taken  to  the  operating-room  and  ether  was  ad- 
ministered. Both  wounds  were  septic  and  foul  smelling  ;  a 
great  deal  of  clot  was  removed  from  the  inner  wound  ;  the  sheath 
of  the  femoral  vessels  was  exposed  in  the  outer  margin  of  the 
wound.  The  wounds  were  cleaned  with  gauze  and  irrigated 
with  peroxide  of  hydrogen.  The  tourniquet  was  removed,  and 
as  is  so  often  the  case  when  operating  for  secondary  haemor- 
rhage, no  bleeding  took  place.  The  question  of  treatment  was  a 
difficult  one,  secondary  haemorrhage  would  probably  recur  from 
some  unknown  vessel,  a  recurrence  which  would  probably  cost  the 
patient  his  life,  the  sheath  of  the  femoral  vessels  was  septic  and 
verging  on  liberation,  a  badly  comminuted  and  septic  fracture  of 
the  upper  part  of  the  femur  was  present.  Amputation,  which 
would  have  relieved  the  patient  of  his  dangers  from  secondary 
haemorrhage  and  from  septic  compound  fracture,  would  have 
to  be  performed  through  the  hip  joint  to  have  been  satis- 
factory. Ligature  of  the  femoral  vessels  would  have  been 
followed  by  gangrene.  Leaving  the  femoral  vessels  exposed 
was  dangerous.  Suturing  tissue  over  the  vessels  was  considered 
but  was  not  performed  on  account  of  the  septic  nature  of  the 
wound. 

The  treatment  adopted  was  to  plug  the  wounds  very  lightly 
by  passing  strips  of  bandage  soaked  in  5  per  cent,  saline 
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through  the  wounds,  the  bandage  strips  passing  right  through  the 
linib.  The  patient  was  then  placed  upon  a  Jones  abduction 
frame  splint.  This  necessitated  some  considerable  lifting  and 
moving  the  patient,  but  it  was  considered  inevitable,  as  adequate 
fixation  of  the  limb  allowing  proper  facilities  for  drainage  and 
dressing  appeared  to  be  absolutely  necessary.  A  tourniquet 
was  placed  loosely  round  the  upper  part  of  the  thigh  in  order 
that  it  might  be  immediately  tightened  should  haemorrhage 
occur  and  special  arrangements  were  made  in  order  that  bleeding 
might  be  immediately  detected.  No  more  haemorrhage  occurred, 
the  patient  died  eighteen  hours  after  the  operation.  The  cause 
of  death  was  shock  probably  due  to  the  movement  of  the  patient 
when  applying  splinting.  The  moral  appears  to  be  that  efficient 
splints  should  be  applied  at  the  original  cleansing  operation. 
The  case  is  interesting  from  the  point  of  view  of  the  treatment  of 
secondary  haemorrhage. 

Amputation  was  strongly  indicated  in  this  case,  the  secondary 
haemorrhage  was  almost  certain  to  recur,  the  femoral  vessels 
were  septic  and  exposed,  but  amputation  would  certainly  have 
killed  the  patient. 

The  question  of  whether  plugging  for  secondary 
or  recurrent  haemorrhage  should  be  employed  is  re- 
opened as  a  result  of  recent  experience  in  the  treat- 
ment of  wounds.  Hitherto  it  has  been  found  that 
the  plugs  dam  back  discharge,  become  extremely 
foul,  and  have  to  be  "removed  within  forty-eight 
hours.  The  haemorrhage  has  been  found  to  recur 
either  before  the  plugs  were  removed  or  upon  the 
removal.  This  treatment  has  been  generally  con- 
demned. It  has  been  found  that  wounds  packed 
fairly  firmly  with  gauze  impregnated  with  hyper- 
tonic  salt  solution  may  be  left  in  a  wound  for  an  in- 
definite period  and  that  routine  dressings  are  un- 
necessary and  undesirable.  A  rise  of  temperature 
does  not  necessarily  indicate  that  the  wound  requires 
dressing,  and  dressing  the  wound  does  not  necessarily 
reduce  the  temperature. 
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For  example  : 

Private  S suffered  from  a  septic  stump  following  amputation 

of  part  of  the  left  hand.  Secondary  haemorrhage  having  occurred 
from  the  hand  on  several  occasions  owing  partly  to  spread  of  sepsis 
in  the  tendon  sheaths,  and  partly  to  a  septic  general  infection  of 
the  patient,  the  rather  useless  stump  was  amputated  at  the  wrist. 
A  counter  incision  was  made  in  the  forearm  and  the  septic  tract 
up  the  tendon  sheaths  packed  with  gauze  and  tablets  of  salt.  The 
amputation  wound  was  also  packed  with  gauze  and  salt  tablets.  A 
pure  culture  of  b.  pyocyaneus  was  obtained  from  the  wound. 
The  morning  following  the  operation  the  patient's  temperature 
was  105°  F. ;  at  10  A.M.  the  temperature  reached  107°  F.  The 
wound,  however,  was  not  dressed  ;  the  stump  with  its  dressing 
undisturbed  was  placed  in  a  bath  of  10  per  cent,  salt  solution  and 
the  following  morning  the  patient's  temperature  was  normal. 

It  will  probably  be  found  that  the  more  general 
use  of  the  saline  treatment  will  reduce  the  number  of 
cases  of  secondary  haemorrhage  and  that  plugging 
with  gauze  with  hypertonic  solution  will  be  found 
one  of  the  most  effective  methods  of  dealing  with  this 
condition. 

Ligature  of  the  bleeding  vessel  above  and  below 
the  site  of  laceration  can  usually  be  carried  out  if 
the  haemorrhage  occurs  from  one  of  the  main  vessels. 
The  operation  is  not  an  easy  one  in  the  presence 
of  haemorrhage,  and  in  order  that  the  structures  may 
be  easily  identified  a  tourniquet  should  be  placed 
on  the  limb  and  a  long  incision  employed.  Free 
retraction,  giving  a  good  view  of  the  vessels,  is 
essential.  It  must  be  remembered  that  the  cause 
of  the  haemorrhage — sepsis — is  still  present,  although 
the  bleeding  vessel  has  been  ligatured.  The  clock 
has  only  been  put  back,  and  if  the  treatment  of  the 
sepsis  before  the  haemorrhage  was  insufficient  to  pre- 
vent haemorrhage  there  is  no  reason  why  it  should 
not  occur  again.  The  ligature  of  the  vessels  has 
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only  temporised  the  situation  ;  it  is  from  the  treat- 
ment of  the  sepsis  that  cure  may  be  expected. 

Many  cases  of  so-called  secondary  haemorrhage 
are  in  reality  cases  of  primary  injury  to  an  artery 
or  concealed  haemorrhage.  Laceration  of  the  femoral 
artery  may  occur  and  give  rise  to  no  urgent  symp- 
toms for  weeks  after  the  injury.  The  fibro-muscular 
walls  of  Hunter's  canal  may  confine  the  blood,  and 
injury  to  the  femoral  vessels  may  remain  unsuspected. 
Bleeding,  which  is  usually  slight  in  amount,  may 
occur  from  the  wound  but  is  easily  controlled. 
These  cases  differ  from  the  majority  of  cases  of  true 
secondary  haemorrhage  in  that  sepsis  plays  a  subor- 
dinate part. 

In  the  following  case  the  injury  to  the  femoral 
artery  was  not  apparent  for  nearly  three  weeks  : 

Corporal  A was  wounded  on  October  3  by  a  shell.  There  was 

a  wound  of  the  upper  abdomen  which  was  opened  and  drained  at 
a  clearing  station.  The  patient  was  wounded  in  the  thigh  by 
a  fragment  which  inflicted  a  small  wound  over  Hunter's  canal 
at  the  junction  of  the  upper  and  middle  thirds  of  the  thigh  and 
remained  behind  the  middle  of  the  shaft  of  the  femur.  On 
October  18  slight  haemorrhage  occurred  from  the  entrance  wound. 
No  pulse  could  be  found  in  the  foot. 

Operation.  An  incision  was  made  along  the  inner  margin 
of  the  sartorius,  after  the  limb  had  been  emptied  of  blood  by 
elevation  and  bandaging  and  a  tourniquet  had  been  applied. 
Hunter's  canal  was  filled  with  clotted  blood.  The  anterior  and 
posterior  surfaces  of  the  femoral  artery  were  lacerated  in  the 
upper  part  of  Hunter's  canal.  The  vein  was  uninjured.  The 
artery  was  ligatured  above  and  below  the  laceration.  The 
circulation  of  the  foot  remained  satisfactory,  although  the  pulse 
could  not  be  felt.  The  wound  was  septic  and  caused  some  rise 
of  temperature  after  the  operation,  but  became  clean  under  treat- 
ment by  hyper-tonic  solution.  The  shell  fragment  was  removed 
from  the  thigh  ten  days  later. 

In  some  cases  of  very  septic  compound  fracture 
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ligature  of  the  bleeding  vessels  has  been  followed 
by  haemorrhage. 

Private  H was  wounded  on  September  28  by  a  shell.   There 

was  a  severe  comminuted  fracture  of  the  right  tibia  and  fibula. 
A  fragment  of  shell  was  removed  and  the  wound  drained  at  a 
clearing  station  on  September  29.  The  patient  was  admitted 
to  a  base  hospital  on  October  1.  The  wound  was  very  septic 
and  the  drainage  and  the  position  of  the  limb  unsatisfactory.  The 
leg  was  placed  on  a  Thomas  splint  and  the  wound  irrigated.  An 
oblique  comminuted  fracture  of  the  tibia  made  good  apposition 
of  the  fragments  impossible.  The  wound  cleaned  up  well  under 
treatment,  but  the  patient  suffered  almost  intolerable  pain.  On 
October  1 6  the  bone  was  placed  in  a  good  position  and  two  screws 
inserted  which  controlled  the  oblique  fracture.  On  October  19 
a  severe  haemorrhage  occurred.  The  patient  was  given  an  anaes- 
thetic and  the  posterior  tibial  artery  was  found  bleeding  in  the 
wound.  The  artery  was  ligatured  above  and  below  the  bleeding- 
point.  The  patient's  condition  was  very  serious  after  this 
haemorrhage,  but  he  recovered  and  improved  until  the  night  of 
October  30,  when  the  patient  complained  of  severe  pain  in  the 
leg.  The  leg  was  examined  and  found  to  be  bleeding  freely. 
The  patient's  condition  was  critical  so  the  leg  was  amputated 
below  the  knee. 

The  cause  in  a  vast  majority  of  cases  is  sepsis,  but 
secondary  haemorrhage  may  occur  in  aseptic  wounds, 
e.g.  when  a  sharp  spicule  of  bone  ulcerates  into  a 
blood-vessel,  or  again  where  a  spicule  of  bone  or  a 
bullet  has  been  driven  into  a  vessel  and  has  tem- 
porarily plugged  the  wound  in  the  vessel. 

The  time  of  occurrence  of  haemorrhage  corresponds 
with  the  duration  and  acuteness  of  the  septic  process. 
Thus  it  may  occur  at  any  time  after  sepsis  has  made 
its  appearance  until  the  appearance  of  healthy 
granulations  shows  that  healing  has  begun. 

The  bleeding  may  be  : 

(1)  From  a  completely  or  partially  divided  vessel 
that  has  closed  either  by  the  natural  formation  of 
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clots  in  its  lumen  or  by  a  ligature  applied  by  the 
surgeon. 

(2)  From  a  bruised  vessel,  in  which  the  contused 
wall  subsequently  sloughs  under  the  influence  of 
septic  organisms  aided  or  not  by  the  pressure  of 
missiles,  sharp  fragments  of  bone,  or  drainage-tubes. 

(3)  From  an  uninjured  vessel  owing  to  the  exten 
sion  of  the  septic  process  from  the  surrounding 
tissues. 

The  first  step  in  the  prophylactic  treatment  of 
secondary  haemorrhage  is  to  combat  the  spread  of  the 
septic  process. 

Special  mention  may  be  made  of  the  supreme 
necessity  for  providing  sufficient  drainage  in  depen- 
dent positions. 

It  should  be  borne  in  mind  also,  when  dealing 
with  septic  wounds  in  the  neighbourhood  of  main 
blood-vessels,  that  rough  handling  may  cause  rupture 
of  a  vessel  already  softened  by  injury  and  sepsis. 
Foreign  bodies  or  sharp  fragments  of  bone  that 
appear  to  threaten  large  blood-vessels  should  be 
removed.  Some  of  the  most  dangerous  cases  of 
secondary  haemorrhage  follow  the  removal  of  a 
missile  from  the  neighbourhood  of  a  large  vessel. 
In  the  presence  of  sepsis  it  would  be  advisable  to 
ligature  the  vessel  in  two  places  if  it  shows  any  sign 
of  ulceration. 

A  free  opening  down  to  the  site  of  the  missile  and 
light  packing  with  gauze  impregnated  with  hyper- 
tonic  saline  solution  and  tablets  will  by  combating 
sepsis  give  the  best  results  when  missiles  have  been 
removed  from  the  vicinity  of  large  blood-vessels. 

Efficient  immobilization  of  the  limb  diminishes 
risk  of  damage  to  blood-vessels  by  fractured  bones. 
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Immobilization  by  application  of  a  wire  may  be 
considered  in  some  cases. 

Drainage-tubes  must  not  be  placed  in  proximity 
to  large  vessels,  especially  in  such  positions  as  be- 
tween the  tibia  and  fibula  ;  folded  rubber  tissue, 
jaconet,  or  bandage  drains  should  be  used  instead. 

A  tourniquet  should  be  kept  in  a  prominent 
position  in  every  surgical  ward,  and  in  cases  where 
large  vessels  appear  to  be  in  danger,  one  may  be 
placed  in  readiness  loosely  round  the  limb. 

When  secondary  haemorrhage  has  already  oc- 
curred, the  limb  must  be  raised  and  the  artery  com- 
pressed digitally  until  a  tourniquet  has  been 
applied. 

In  the  majority  of  cases  the  patient  should  be 
anaesthetized  at  once  and  every  effort -made  to  secure 
the  vessel  at  the  point  where  it  is  injured. 

This  is  often  by  no  means  an  easy  task.  Nothing 
but  granulation  tissue  can  be  seen  in  some  septic 
wounds.  The  wound  must  be  enlarged,  clots  cleared 
out,  and  the  wound  edges  well  retracted.  When  the 
vessel  is  found,  both  ends  should  be  secured,  and 
ligatured. 

In  some  cases  of  secondary  haemorrhage,  e.g.  the 
foot,  it  may  aid  matters  to  remove  pieces  of  bone, 
such  as  metatarsals. 

After-treatment.  When  the  haemorrhage  has  been 
arrested  the  limb  should  be  immobilized  and  raised. 
If  the  patient  has  lost  much  blood,  the  foot  of  the 
bed  should  be  raised,  the  limbs  bandaged,  an  intra- 
venous infusion  given,  and  rest  for  the  patient  en- 
sured by  the  administration  of  a  sedative. 

In  cases  where  the  haemorrhage  has  been  from  a 
large  vein  and  infective  thrombosis  seems  likely  to 


260  SURGERY  IN  WAR 

occur,  the  danger  of  embolism  may  be  diminished  by 
proximal  ligature  of  the  vein. 

Secondary  Haemorrhage  in  Cases  of  Septic  Com- 
pound Fracture  of  the  Femur  and  Humerus.  As 
some  of  the  most  serious  and  difficult  cases  are 
those  of  secondary  hsemorrhage  in  septic  compound 
fracture  of  the  large  pipe  bones,  the  following  line 
of  action  is  recommended  : 

Firstly,  weigh  the  patient's  general  condition  and 
the  prospects  of  repair  of  his  limb.  If  the  limb 
in  all  probability  will  require  amputation  in  the 
future  the  patient's  life  should  not  be  hazarded  in 
the  present.  If  the  patient's  condition  is  such  that 
he  will  not  survive  another  attack  of  hsemorrhage, 
uncertain  measures  must  not  be  undertaken  for  its 
treatment.  There  are  only  two  measures  which 
can  be  regarded  as  certain  :  these  are  ligature  of 
the  vessel  above  and  below  its  bleeding-point  and 
amputation. 

If  the  septic  condition  of  the  limb  is  such  that 
there  is  some  chance  that  the  patient  may  either  lose 
his  limb  or  lose  his  life  at  some  future  time  from 
this  cause,  the  limb  had  better  be  amputated  at 
once. 

If  severe  comminution  and  infection  of  the  medul- 
lary cavity  be  present  the  limb  should  be  amputated 
at  the  first  attack  of  secondary  haemorrhage. 

If  a  compound  fracture  is  complicated  by  a  septic 
joint,  secondary  hsemorrhage  should  be  treated  by 
amputation. 

A  severely  comminuted  septic  compound  fracture 
of  the  femur  does  not  offer  sufficient  promise  of 
recovery  to  warrant  its  retention  should  secondary 
haemorrhage  occur. 
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Explore  the  wound  and  if  possible  secure  the 
vessel  at  the  bleeding-point. 

If  the  bleeding-point  cannot  be  found,  one  is 
faced  with  a  very  difficult  problem. 

If  it  is  decided  to  save  the  limb  and  the  bleeding 
vessel  cannot  be  found  there  are  only  two  alterna- 
tives, ligature  of  the  main  artery  in  its  continuity, 
or  plugging.  Ligature  of  the  main  artery  should  not 
be  attempted  in  the  case  of  a  limb,  it  is  foredoomed 
to  failure.  The  wound  should  be  firmly  packed 
with  gauze  impregnated  with  hypertonic  saline 
solution,  tablets  of  plain  salt  being  included  in  the 
gauze  and  a  large  drainage-tube  passed  down  the 
middle  of  the  packing  to  the  depth  of  the  wound. 
The  packing  must  remain  in  the  wound  untouched 
for  several  days.  It  has  been  found  possible  to  leave 
such  septic  wounds  undressed  for  seven  or  ten  days 
with  advantage.  The  dressing  is  not  allowed  to  dry, 
hypertonic  saline  solution  is  continually  applied  to 
the  dressing. 

In  the  case  of  secondary  haemorrhage  occurring  in 
the  thigh  the  haemorrhage  may  come  from  the 
superficial  femoral,  the  profunda  and  its  branches,  or 
from  the  sciatic  and  gluteal  vessels  at  the  back  of 
the  thigh. 

If  the  haemorrhage  is  from  the  superficial  femoral 
it  will  be  discovered  at  the  exploratory  operation  and 
dealt  with  by  ligature  of  the  vessel  above  and  below 
the  bleeding-point.  It  may  be  impossible  to  dis- 
cover the  bleeding  vessel  if  the  haemorrhage  is  from 
one  of  the  deep  branches.  Plugging  and  ligature  of 
the  common  femoral  have  been  fatal  in  such  cases. 
The  results  of  plugging  with  gauze  saturated  with 
hypertonic  solution  has  been  sufficiently  satisfactory 
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to  make  it  probable  that  such  treatment  will  be 
justifiable  in  cases  of  secondary  haemorrhage.  The 
only  alternative  is  amputation,  which  should 
certainly  be  performed  if  the  haemorrhage  recurs. 

Secondary  haemorrhage  from  ulnar  artery.  Liga- 
ture of  artery  at  site  of  haemorrhage  : 

Private  C was  admitted  to  a  base  hospital  on  October  1 , 

having  been  wounded  four  days  previously.  There  was  a  small 
entrance  wound  about  the  middle  of  the  ulnar  border  of  the  fore- 
arm, and  a  ragged  exit  wound  on  the  anterior  surface  immediately 
below  the  elbow.  On  the  day  following  the  patient's  admission 
to  a  base  hospital  bleeding  occurred  from  the  wound  below  the 
elbow.  The  haemorrhage  was  a  spurt  of  brisk  arterial  bleeding 
which  was  immediately  arrested  by  direct  pressure.  A  tourniquet 
was  applied  but  was  taken  off  half  an  hour  later  ;  no  hsemorrha-ge 
followed  the  removal  of  the  tourniquet. 

Operation.  A  tourniquet  was  applied  and  the  wound  enlarged. 
The  source  of  bleeding  was  discovered  by  removing  the  tourni- 
quet and  the  ulnar  artery  near  its  origin  was  found  to  be  lacerated. 
The  vessel  was  tied  above  and  below  the  laceration.  No  haemor- 
rhage followed  and  the  patient  recovered  under  the  usual  treat- 
ment of  septic  wounds. 

Secondary  haemorrhage  from  femoral  artery  and 
vein  in  Hunter's  canal.  Ligature  of  femoral  artery 
and  vein  at  site  of  laceration.  Recovery  without 
gangrene. 

Private  D was  wounded  September  27, 1915,  and  admitted 

to  a  base  hospital  on  September  29.  There  was  a  small  wound  of 
entrance  below  the  anterior  superior  spine  of  the  right  thigh  and 
a  wound  of  exit  over  Hunter's  canal  at  the  junction  of  the  middle 
and  lower  third  of  the  thigh.  A  drainage-tube  had  been  placed 
in  the  lower  wound  at  a  clearing  hospital.  Slight  haemorrhage 
occurred  during  the  night  from  the  lower  wound.  Pressure  was 
applied  to  the  wound  and  the  limb  slung.  A  pulsating  tumour, 
the  size  of  a  tangerine  orange  was  present,  immediately  internal  to 
to  the  wound. 

Operation.  A  tourniquet  was  applied  and  an  incision  made 
over  the  wound  parallel  to  the  margin  of  the  sartorius.  The 
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femoral  vessels  were  exposed  and  a  small  circular  wound,  measur- 
ing a  quarter  of  an  inch  in  diameter,  discovered  in  the  anterior 
surface  of  the  femoral  artery  which  sptfrted  in  spite  of  the  tourni- 
quet. The  haemorrhage  was  controlled  by  putting  the  tip  of 
the  index  finger  in  the  hole  whilst  the  aneurysm  needle  was 
passed  under  the  artery.  The  artery  was  again  tied  below  the 
wound.  It  was  not  considered  desirable  to  attempt  repair  of  the 
vessel  wall  in  the  presence  of  sepsis.  The  tourniquet  was 
removed  and  bleeding  occurred  from  the  femoral  vein.  The 
vein  had  been  completely  severed  by  the  bullet,  the  ends  were 
found  and  ligatured.  The  wounds  were  packed  with  salt  tablets 
and  gauze  and  drained.  The  patient  made  an  uninterrupted 
recovery,  the  circulation  in  the  foot  and  leg  rapidly  returned. 

The  following  case  is  an  example  of  how  an  artery 
may  be  divided  by  a  foreign  body  without  haemor- 
rhage occurring  : 

Private  L was  wounded  in  the  forearm.  The  X-ray  showed 

a  fragment  of  metal  over  .the  radial  artery.  An  incision  was 
made  on  the  outer  side  of  the  tendon  of  the  supinator  longus. 
The  foreign  body  was  felt  for  and  removed  with  a  scoop.  Bleed- 
ing occurred  from  a  radial,  vein.  The  radial  artery  was  exposed 
by  converting  the  incision  into  a  flap.  The  artery  spurted 
when  exposed.  The  brachial  was  compressed  while  a  ligature 
was  passed  round  what  was  supposed  to  be  the  radial  artery. 
Upon  releasing  the  brachial  the  artery  again  spurted.  It  was 
found  that  the  ligature  had  passed  round  a  vein  but  not  the 
artery.  The  artery  had  been  completely  severed  by  the  sharp 
fragment. 

Haemorrhage  from  internal  maxillary  artery, 
ligature  of  the  external  carotid. 

Private  B — • —  was  wounded  by  a  bullet  which  entered  the 
superior  maxilla  below  the  malar  and,  passing  below  the  base  of  the 
skull,  inflicted  an  exit  wound  at  the  back  of  the  neck  about  two 
inches  behind  the  mastoid  process.  Two  days  after  admission  to  a 
base  hospital  haemorrhage  occurred  from  the  anterior  wound.  The 
haemorrhage  was  controlled  by  plugging  the  wound  with  gauze 
soaked  with  adrenalin  solution.  Two  days  later  another  haemor- 
rhage occurred  which  was  again  stopped  by  pressure.  A  more 
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severe  haemorrhage  took  place  on  the  following  day,  and  the 
patient's  condition  required  that  something  should  be  done. 
The  haemorrhage  came  mainly  from  the  anterior  wound,  prob- 
ably from  branches  of  the  internal  maxillary.  Some  haemor- 
rhage took  place  from  the  posterior  wound  during  the  last 
attack.  The  external  carotid  artery  was  tied  immediately 
above  its  superior  laryngeal  branch.  No  further  haemorrhage 
occurred  and  the  patient  was  transferred  to  England  ten  days 
later. 

The  Memorandum  of  Treatment  recommends  : 
"  Secondary  Haemorrhage.  The  treatment  of  this 
accident,  which  has  been  painfully  prominent  by 
reason  of  the  septic  character  of  a  large  majority  of 
the  wounds,  is  one  of  the  most  difficult  problems  that 
has  had  to  be  met.  The  obvious  indication,  local 
ligature  of  the  bleeding  vessel,  may  be  impracticable 
from  various  reasons  :  (a)  the  condition  of  the  tissues 
may  be  such  that  a  ligature  cannot  be  applied  with 
any  hope  that  it  will  be  permanently  efficient  ; 
(b)  the  position  of  the  bleeding-point  may  render  it 
impossible  to  apply  a  ligature.  In  the  former  in- 
stance resource  may  have  to  be  taken  to  the  objec- 
tionable process  of  plugging,  and  in  this  case  the 
plug  must  be  retained  for  a  period  of  at  least  48  hours 
if  the  bleeding  has  been  severe.  In  the  second 
instance  the  difficulty  may  often  be  surmounted  by 
the  application  of  pressure  forceps  left  in  position. 
The  application  of  a  proximal  ligature  to  the  main 
trunk  supplying  the  limb  is  most  undesirable  ;  this 
practice  throughout  the  whole  history  of  military 
surgery  has  been  fraught  with  disaster.  Should  it 
prove  necessary  to  ligate  a  main  trunk,  the  ligature 
must  be  placed  in  the  immediate  proximity  of  the 
wound. 
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"  Amputation.  When  other  means  have  been  ex- 
hausted, and  provided  the  general  condition  of  the 
patient  warrants  the  risk,  a  recurrence  of  secondary 
haemorrhage  should,  when  practicable,  be  treated 
by  removal  of  the  limb." 

NOTE.  Packing  the  wound  with  salt  sacs  (see  page  61)  and 
placing  a  large  drainage  tube  in  the  middle  of  the  packing  has 
proved  successful  in  cases  of  secondary  haemorrhage.  A  case  of 
serious  haemorrhage,  associated  with  a  very  severe  comminution  of 
the  upper  part  of  the  shaft  of  the  femur  and  severe  sepsis,  com- 
pletely recovered  without  any  recurrence  of  haemorrhage  after  this 
treatment.  The  packing  was  not  removed  for  eight  days. 


CHAPTER  XII 
GUNSHOT  WOUNDS  OF  JOINTS 

THE  treatment  of  the  joints  has  for  the  most  part 
been  described  under  the  treatment  of  wounds  and 
the  treatment  of  compound  fractures.  The  implica- 
tion of  a  large  joint  adds  considerably  to  the  danger 
of  an  injury  and  in  some  cases  requires  special 
treatment.  Every  one  is  familiar  with  the  unsatis- 
factory course  which  septic  wounds  of  the  joints 
usually  run  in  civil  practice  ;  it  has  not  been  sur- 
prising to  find  that  such  injuries,  infected  as  they 
are  by  the  virulent  organisms  of  war,  have  formed 
one  of  the  most  dangerous  classes  of  wounds. 

The  Treatment  of  Wounds  of  Joints  on  the  Lines 
of  Communication.  Satisfactory  early  treatment  is 
obviously  a  difficult  problem  owing  to  the  military 
situation.  In  the  majority  of  cases  no  treatment 
should  be  attempted,  except  immobilization  of  the 
limb  by  splints  and  the  application  of  a  first  field 
dressing,  until  the  patient  has  reached  a  hospital 
in  which  an  operation  can  be  performed  under 
favourable  conditions.  The  danger  of  the  spread 
of  infection  from  wounds  adjacent  to  joints  is  so 
great  that  it  is  advisable  to  splint  even  superficial 
wounds  of  the  knee  and  wounds  adjacent  to 
important  joints.  One  of  the  best  knee  splints 
for  the  purpose  is  a  metal  gutter  fracture  splint, 
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recommended  by  Mr.  Robert  Jones  (see  Fig.  38), 
which  can  be  bent  to  any  angle  required).  The 
splint  should  extend  almost  from  the  tuberosity  of 
the  ischium  to  the  heel — a  short  splint  is  unsuitable. 
In  more  serious  cases  the  gutter  splint  should  be 
combined  with  a  Thomas  splint  in  order  that 
extension  may  be  applied. 

However  desirable  early  operative  treatment  may 
be  the  pressure  of  work  will  in  the  majority  of  cases 
relegate  the  operation  to  the  base. 

The  Treatment  of  Wounds  of  Joints  in  Base 
Hospitals.  The  various  forms  of  treatment  em- 
ployed may  be  divided  into  two  classes  :  the 
conservative  and  the  radical  treatment.  A  large 
majority  of  the  wounds  of  joints  will  admit  of 
conservative  treatment  provided  they  come  under 
observation  within  a  reasonable  time  and  that 
gross  injuries  to  the  bones  forming  the  joint  have 
not  been  received. 

THE  CONSERVATIVE  TREATMENT  consists  of  ex- 
cising the  bullet  wounds  by  cone-shaped  incision 
carried  down  to  the  capsule  or  synovial  membrane 
of  the  joint,  removing  all  septic  tissue  and  draining 
the  wound. 

When  a  foreign  body  is  present,  the  track  leading 
to  the  missile  is  packed  with  gauze  moistened  with 
tincture  of  iodine  before  excising  the  wound,  in 
order  to  ensure  removing  the  whole  of  the  wall  of 
the  sinus.  The  missile  is  removed  and  any  bone 
which  it  may  have  injured  is  cut  away..  The  joint 
is  washed  out  with  normal  saline  solution  and  the 
wound  sutured,  a  drainage  tube  or  a  salt  sac  being 
passed  down  to  the  synovia,  but  not  inserted  into 
the  joint. 
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When  Pus  is  present  in  the  Joint.  In  some  early 
cases  the  above  treatment,  combined  with  a  free 
opening  of  the  synovial  membrane,  drainage  to  but 
not  into  the  joint  and  the  insertion  of  salt  sacs  by 
the  side  of  the  drainage  tubes,  has  been  successful. 

In  cases  in  which  the  conservative  treatment 
does  not  succeed  no  harm  is  done  by  the  attempt 
and  the  prognosis  in  the  case  of  patients  treated 
by  the  radical  forms  of  treatment  is  so  inferior 
that  the  conservative  treatment  forms  the  initial 
treatment  in  practically  all  cases. 

THE  RADICAL  TREATMENT  consists  of  making 
suitable  incision  for  drainage  and  applying  con- 
tinuous irrigation.  In  some  cases  an  operation  is 
planned  with  the  object  of  obtaining  almost  total 
exposure  of  the  interior  of  the  joint  ;  in  other  cases 
bone  is  removed  and  the  operation  becomes  a  partial 
excision  of  the  joint. 

INJURIES  OF  THE  KNEE  JOINT 

From  the  point  of  view  of  treatment  injuries  to 
the  knee  may  be  divided  into  three  classes.  Firstly 
those  cases  which  are  suitable  for  conservative 
treatment,  and  these  form  the  majority.  Even 
though  the  conservative  treatment  be  unsuccessful 
no  harm  will  be  done,  and  the  more  radical  treat- 
ment will  not  be  seriously  prejudiced  by  the  delay. 

Secondly,  cases  which  are  so  severely  damaged 
that  only  free  drainage  and  extensive  removal  of 
tissue  can  be  expected  to  bring  about  recovery. 

Thirdly,  cases  which  require  amputation. 

The  treatment  of  wounds  of  the  knee  may  there- 
fore be  described  by  first  considering  the  conserva- 
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PLATE  19 
BULLET  WOUND  OF  KNEE  JOINT 

The  rifle  bullet  may  be  seen  posterior  to  the  internal  condyle  of  the 
femur.  A  spicule  of  bone,  which  has  been  separated  by  the  bullet,  is 
also  shown.  A  plug  of  gauze  soaked  with  tincture  of  iodine  was  packed 
into  the  entrance  wound  and  bullet  track;  the  wound  and  track 
were  excised,  the  bullet  was  removed,  and  the  adjacent  infected  bone 
gouged  away.  The  wound  was  sutured  and  a  salt  sac  passed  down  to 
the  synovia.  The  patient  was  transferred  to  England  with  the  wound 
of  septic  healed  and  some  movement  of  the  knee  joint,  nere 
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tive  treatment  through  which  even  the  more  severe 
cases  pass,  by  then  considering  the  radical  methods 
of  treatment,  and  lastly  considering  the  indications 
for  operation. 

CONSERVATIVE  TREATMENT.  The  following  de- 
scriptive classification  of  injuries  to  the  knee  may 
be  found  useful : 

(1)  Cases  where  the  joint  cavity  has  not  been 
opened. 

(2)  Cases    where    the    superficial    wound    com- 
municates   directly    or    indirectly    with   the    joint 
cavity. 

In  the  first  class  of  case  all  that  one  may  have  to 
deal  with  is  a  superficial  wound,  often  however 
associated  with  an  effusion  into  the  joint. 

The  Treatment  of  the  Superficial  Wound.  The 
practice  which  holds  good  for  such  wounds  in  other 
parts  of  the  body  should  be  carried  out,  the  excision 
of  septic  tissue.  In  a  certain  number  of  cases  where 
total  excision  of  the  wound  has  been  possible  the 
wound  has  been  sutured  and  healing  taken  place 
by  first  intention. 

In  cases  where  there  is  much  suppuration  one 
has  often  to  be  content  with  opening  up  the  wound 
freely,  removing  all  foreign  material  and  snipping 
away  all  necrotic  tissue.  Exposed  aponeurotic 
structures,  unless  their  removal  entails  disable- 
ment, should  be  cut  away,  as  their  superficial  parts 
will  certainly  slough,  and  such  sloughs  take  a  long 
time  to  separate. 

Strong  antiseptics  should  be  avoided  on  account 
of  their  deleterious  action  on  the  damaged  tissues. 
Dressings  in  the  form  of  salt  sacs  and  gauze  packs 
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should  be  applied,  and  these  deep  dressings  should 
on  no  account  be  disturbed  so  long  as  they  are 
adherent  to  the  tissues.  Tearing  off  adherent 
dressings  may  open  up  the  joint.  They  should  be 
left  until  they  are  quite  loose  or  else  removed  after 
soaking  with  peroxide. 

As  soon  as  the  surfaces  of  the  wound  are  covered 
with  healthy  granulations,  secondary  suture  may 
be  carried  out. 

The  Treatment  of  the  Effusion  accompanying. 
Superficial  Wounds.  In  cases  where  there  is  much 
tension  a  large  exploring  or  aspiratory  needle  should 
be  used,  the  fluid  drawn  off  and  examined  bacterio- 
logically. 

Repeated  aspirations  to  relieve  tension  may  be 
necessary. 

Although  the  effusion  is  found  to  be  sterile,  the 
joint  must  be  kept  absolutely  at  rest  until  all  danger 
of  infection  from  the  superficial  wound  is  over. 
Gentle  passive  movement  and  light  massage  may 
be  practised  after  about  three  weeks.  If  the 
effusion  is  found  to  be  infected  the  joint  must  be 
aspirated  as  completely  as  possible  and  extension 
applied.  The  best  method  of  effecting  this  is  to 
put  the  limb  up  in  a  Thomas  knee  splint  and  apply 
extension  to  the  distal  part  of  the  limb.  The 
extension  must  be  sufficient  to  overcome  muscular 
spasm  and  the  consequent  compression  of  the 
articular  Cartilages,  otherwise  very  rapid  erosion 
of  the  cartilages  may  occur. 

After  aspirating  such  a  joint,  it  is  advisable  to  in- 
ject some  form  of  "  antiseptic  "  before  withdrawing 
the  needle.  Some  diversity  of  opinion  exists  as 
to  the  best  antiseptic  for  this  purpose,  but  the 
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following  were  most  frequently  used :  Glycerin, 
iodoform-ether,  and  ether.  Solutions  of  5  per  cent, 
and  1  per  cent,  saline,  depending  on  the  infection, 
answer  the  purpose  equally  well  and  are  simple. 

If  formalin-glycerin  be  decided  upon,  2  drachms 
of  2  per  cent,  formalin  in  glycerin,  prepared  not 
less  than  twelve  hours  or  more  than  one  week  before, 
may  be  injected. 

These  aspirations  and  injections  should  be  repeated 
every  few  days  when  effusion  persists  and  the 
injections  should  be  continued  until  organisms  can 
no  longer  be  detected  in  the  effusion.  It  must  be 
borne  in  mind  that  an  effusion  may  occur  within  a 
few  hours  after  an  injection.  Should  the  effusion 
still  remain  mildly  septic  in  spite  of  these  measures 
irrigation  of  the  joint  has  sometimes  proved  of 
value.  To  carry  this  out,  insert  a  cannula  at  either 
side  of  the  joint,  connect  one  with  a  reservoir 
containing  5  per  cent,  or  1  per  cent,  saline  solution 
and  the  other  with  a  receptacle  at  the  side  of  the 
bed,  great  care  being  taken  that  no  air  enters  the 
joint.  Irrigation  is  kept  up  for  twenty-four  hours. 

Where  there  is  reason  to  suppose  that  the  per- 
sistent sepsis  is  due  to  infected  clot  within  the 
sy  no  vial  cavity,  the  joint  should  be  opened  up 
through  unbroken  skin  and  all  clot  washed  away. 
The  joint  is  then  closed  again  and  injected  as 
before.  The  procedure  to  be  carried  out  in  cases 
where,  owing  to  persistent  sepsis,  the  joint  has  to 
be  opened  and  freely  drained,  will  be  dealt  with 
later. 

Injuries  with  Perforation  of  the  Synovial  Cavity. 
We  now  come  to  the  more  severe  types  of  injury 
to  the  knee,  where  in  addition  to  the  superficial 
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wound  there  is  injury  to  the  sy  no  vial  cavity  and 
perhaps  to  the  articular  ends  of  the  long  bones. 
Under  this  heading  a  considerable  variety  of 
conditions  may  be  grouped  : 

1.  Cases   where   clean   perforation   has   occurred 
without  lodgment  of  the  projectile. 

(a)  Of  the  sy  no  vial  cavity,  without  injury 

to  bone  ; 
(6)  Of  one  of  the  bones  entering  into  the 

articulation. 

2.  Cases  where  the  projectile  has  lodged. 

(a)  Within  the  sy  no  vial  cavity  ; 
(6)  In  one  of  the  articular  ends. 

3.  Cases  where  there  is  extensive  damage  to  the 
sy  no  vial  membrane. 

(a)  Without  damage  to  bone  ; 
(6)  Accompanied  by  fissure  fracture  or  slight 
comminution  of  the  articular  end. 

It  has  been  rightly  stated  that  such  injuries 
require  more  judgment  and  care  in  their  treatment 
than  do  those  of  any  other  class.  No  hard  and 
fast  line  of  treatment  can  be  laid  down  for  any  of 
these  types  of  injury.  Every  case  must  be  treated 
on  its  own  merits.  Perhaps  it  is  permissible  to  say 
that  in  all  types  of  case  a  more  or  less  conservative 
line  of  treatment  should  be  given  a  fair  trial  before 
any  radical  operation  is  undertaken. 

In  the  first  class  of  case  where  there  is  clean 
perforation  with  no  sign  of  sepsis,  expectant  treat- 
ment may  be  adopted,  but  the  importance  of 
absolute  fixation  of  the  joint  must  be  remembered. 
If  there  is  much  tension  the  joint  should  be  tapped 
and  the  effusion  of  blood  or  synovia  examined 
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PLATE  20 
PENETRATING  WOUND  OF  KNEE 

A  rifle  bullet  is  shown  lying  in  the  knee  joint  against  the  outer  comlyle 
of  the  femur.  Five  days  after  the  injury  the  wound  and  bullet  track 
were  excised  and  the  missile  removed  ;  pus  was  present  in  the  joint. 
The  joint  was  irrigated  and  the  wound  drained.  Two  days  later, 
being  full  of  pus,  the  joint  was  opened  by  a  transverse  incision  and 
thr  lateral  and  crucial  ligaments  divided.  The  limb  was  flexed  to 
expose  the  interior  of  the  joint  and  the  posterior  pouches  were  found 
to  be  full  of  pus.  The  semilunar  cartilages  were  removed  and  the 
joint  was  packed  with  salt  sacs  and  a  drainage  tube  inserted.  Two 
drains  were  passed  through  the  posterior  pouches  of  the  synovia. 
The  limb  was  placed  on  a  bent  splint  in  the  flexed  position  Three 
days  later  the  limb  was  placed  on  a  Thomas  splint  in  the  extended 
position.  S<  \  m  days  after  the  operation  secondary  haemorrhage 
occurred ;  pus  was  found  in  the  popliteal  space  behind  the  condyles  of 
the  femur.  Amputation  was  performed.  Examination  of  the  ampu- 
tated limb  showed  extensive  septic  infection  of  bone  and  soft  tissues, 
a  deep1  abscess  in  popliteal  space,  and  osteomyelitis  of  both  femur 
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bacteriologically  and  treatment  carried  out  on  the 
same  lines  as  laid  down  earlier.  Where,  however, 
sepsis  has  already  established  itself,  more  radical 
steps  are  necessary.  The  wound  right  down  to 
and  including  the  synovial  membrane  should  be 
completely  excised,  and  the  joint  washed  out  with 
saline  solution.  The  wound  is  then  dressed  as 
before,  and  a  drainage  tube,  reaching  only  as  far  as 
the  opening  in  the  synovial  membrane,  is  inserted. 
If  the  joint  remains  "  quiet,"  the  dressing  and  the 
tube  should  be  left  undisturbed  for  several  days, 
thus  giving  the  wound  in  the  synovial  membrane 
a  chance  to  heal. 

In  a  number  of  cases  where  there  was  no  evidence 
of  pus,  the  opening  in  the  synovial  membrane  was 
stitched  up,  the  joint  injected,  and  a  successful 
result  obtained.  In  all  cases  where  sepsis  within 
the  joint  is  acute  it  is  advisable  to  leave  the  synovial 
membrane  unsutured  and  establish  drainage. 

The  procedure  is  applicable  in  the  next  class  of 
case,  where  there  is  lodgment  of  the  projectile  in 
the  synovial  cavity  or  in  bone.  If  excision  of  the 
wound  is  practised,  it  ought  to  be  taken  as  a  rule 
that  foreign  bodies  be  removed,  the  only  exception 
being  where  a  bullet  or  small  clean  piece  of  shell 
is  so  situated  in  the  bone  as  not  to  interfere  with 
the  movement  of  the  joint.  The  procedure  there- 
fore in  this  type  of  injury  is  to  excise  the  wound 
as  before  and  remove  the  foreign  body,  using  a 
gouge  if  it  be  embedded  in  bone. 

Cases  in  which  the  Projectile  has  Lodged  (a)  within  the  synovial 
cavity,  and  (6)  in  one  of  the  articular  ends. 

When  a  retained  rifle  bullet  lies  within  the  joint,  if  the 
superficial  wound  is  small  and  not  inflamed,  it  may  usually 
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be  left  with  safety  until  firm  union  of  the  primary  track  has 
occurred. 

Free  fragments  of  shells  or  bombs  or  distorted  rifle  bullets 
must  be  promptly  removed. 

Bullets  or  shell  fragments  embedded  in  the  articular  ends 
of  the  long  bones  form  a  difficult  problem.  Clean  rifle  bullets 
so  situated  as  not  to  interfere  with  the  movements  of  the  joint 
should  certainly  not  be  interfered  with  at  an  early  stage.  They 
may  do  no  harm  and  have  frequently  been  left  indefinitely. 
Fragments  of  shells  come  into  a  different  category.  Here 
infective  material  has  practically  always  been  carried  in  and 
the  retained  body  must  be  removed  by  the  shortest  and  safest 
route.  This  may  be  by  the  original  wound,  although  sometimes 
the  localizing  skiagrams  may  indicate  a  much  shorter  route, 
but  as  the  bed  of  the  missile  is  certainly  infected,  no  advantage 
except  that  of  direct  access  is  gained  by  a  special  incision.  As 
the  extraction  is  commonly  a  matter  of  considerable  difficulty 
the  incision  for  the  removal  of  impacted  bodies  should  be  free, 
and  it  is  well  to  remove  any  of  the  bone  surrounding  the  frag- 
ment which  may  have  become  infected.  One  or  more  tablets 
of  salt  may  be  placed  in  the  cavity  in  the  bone.  A  tube  should 
be  inserted  directly  into  the  aperture  of  the  bone  defect.  This 
should  be  packed  around  with  gauze  wet  with  5  per  cent,  saline 
solution,  and  the  limb  fixed  on  a  splint.  The  packing  is  renewed 
daily,  if  necessary,  for  three  or  four  days,  in  the  hope  of  con- 
fining the  extent  of  the  infection  to  the  region  of  the  injury  to 
the  bone. — Manual  of  Treatment. 

In  cases  where  there  is  no  evidence  of  pus,  and 
no  likelihood  of  much  haemorrhage  into  the  joint, 
the  opening  in  the  synovial  membrane  may  be 
stitched  up  as  described  before.  This  is  only 
possible  in  a  small  percentage  of  the  cases,  as  the 
great  proportion  have  had  infective  material  carried 
in.  The  joint  is  then  washed  out  and  treated  as 
before. 

In  cases  where  fissure  fracture  of  one  of  the 
bones  is  present,  somewhat  more  elaborate  measures 
have  to  be  adopted.  Any  cavity  in  the  bone  should 
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be  filled  with  "  salt  pack  "  and  a  tube  inserted 
directly  into  the  aperture  in  the  bone  but  not 
across  the  joint.  If  the  infection  is  acute  the  best 
that  can  be  hoped  for  in  such  cases  is  ankylosis. 
The  tendency  of  pus  to  track  into  the  calf  and 
thigh  in  these  cases  is  most  marked,  and  it  is 
important  therefore  to  apply  some  form  of  support 
to  the  back  of  the  limb.  Where,  in  spite  of  all 
efforts,  sepsis  gains  the  upper  hand  within  the 
joint,  free  drainage  must  be  established.  This  can 
only  be  done  at  the  expense  of  the  future  efficiency 
of  the  joint,  which  must  be  laid  right  open. 

The  following  quotation  is  the  synopsis^  from 
Col.  H.  M.  W.  Gray's  article  Treatment  of  Gunshot 
Wounds  of  the  Knee  Joint,  British  Medical  Journal,. 
July  1915. 

Synopsis  of  Treatment.  Excise  wound  of  skin  and  superficial 
soiled  or  necrotic  muscle  and  fascia.  Enlarge  wound  freely  if 
necessary.  Remove  foreign  bodies  (previously  localized  by 
X-rays)  after  possible  enlargement  of  wound  in  synovial  mem- 
brane. Flush  synovial  cavity  with  5  per  cent,  saline  solution. 
Thoroughly  remove  blood  clot.  In  very  acute  cases  make 
fresh  incision.  Trim  edges  of  wound  in  synovial  membrane, 
suture  if  sepsis  not  acute.  Insert  drainage  tube  down  to  but 
not  through  wound  in  synovial  membrane.  Fill  rest  of  wound 
fairly  firmly  with  "  tablet  and  gauze  "  dressing.  Inject  formalin- 
glycerin  or  ether,  etc.,  through  fresh  puncture.  Clean  and 
redisinfect  surrounding  skin.  Superficial  dressings,  light  band- 
age. Immobilize  in  suitable  splint.  If  this  fails,  free  arthro- 
tomy,  possibly  amputation. 
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THE   RADICAL   TREATMENT    OF  INJURIES 
OF  THE  KNEE 

Failure  to  limit  the  spread  of  infection  by  con- 
servative measures  entails  the  application  of  one 
of  the  more  radical  measures.  Treatment  directed 
towards  the  drainage  of  the  entire  synovial  mem- 
brane of  a  joint,  whether  by  incision  planned  to 
expose  the  synovial  pouch  or  by  the  introduction 
of  drainage  tubes,  can  only  bring  about  a  cure  at  the 
expense  of  ankylosis  of  the  joint.  The  number  of 
patients  who  have  recovered  from  a  gunshot  injury 
of  the  knee,  bearing  evidence  of  radical  operations 
in  the  shape  of  transverse  scars  where  the  joint  has 
been  laid  open  or  extensive  Scarring  from  drainage 
apertures  and  ankylosis,  will  be  the  index  of  the 
success  of  the  operation.  The  number  will  probably 
be  a  small  one.  A  small  number  of  cases  occupy 
an  intermediate  position,  being  unsuitable  for 
conservative  treatment  alone  and  recoverable  with- 
out radical  treatment.  These  cases  are  the  ones 
in  which  suppuration  is  limited  to  the  anterior 
pouches  of  the  knee  joint.  It  is  sometimes  desir- 
able to  drain  these  cases  by  longitudinal  incisions 
on  either  side  of  the  patella.  A  tube  may  be  placed 
between  the  two  incisions  for  forty-eight  hours 
and  irrigation  between  the  two  incisions  carried 
out.  When  pus  is  detected  in  the  posterior  pouches 
of  the  joint  a  radical  operation  becomes  necessary. 
The  joint  should  be  opened  by  a  single  more  or  less 
transverse  anterior  incision  passing  below  the 
patella.  The  incision  should  extend  so  far  on  each 
side  that  no  deep  recesses  are  left  posteriorly,  the 
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lateral  ligaments  being  freely  divided.  The  crucial 
ligaments  are  cut  across  and  the  semilunar  cartilages 
removed. 

The  articular  surfaces  can  then  be  easily  drawn 
apart  to  allow  free  access  to  the  posterior  part  of 
the  joint.  Any  communication  pockets  of  pus 
should  be  freely  laid  open.  Two  counter  incisions 
are  made  posteriorly  in  severe  cases  and  tubes 


FIG.  38.  Leg  splint  for  wounds  of  the  knee  and  ankle  joint. 
The  splint  is  made  of  soft  metal  and  can  be  bent  to  any 
desired  angle.  When  knee  joints  are  treated  by  an  extensive 
operation,  exposing  the  whole  joint  by  a  transverse  incision, 
the  limb  may  be  placed  upon  this  splint  in  a  flexed  position. 
The  joint  is  packed  with  salt  sacs  during  this  period.  After 
three  days  the  splint  is  replaced  by  a  Thomas  splint,  the 
limb  being  placed  in  the  extended  position  and  continuous 
irrigation  applied.  The  figure  shows  the  splint  applied  in  the 
case  of  a  wound  of  the  ankle  joint. 

passed  through  the  posterior  synovial  reflexions 
behind  the  condyles.  Shattered  parts  of  the  arti- 
cular ends  of  the  bone  should  be  removed  as  they 
are  apt  to  necrose.  After  washing  away  all  clot,  the 
cavity  should  be  thoroughly  packed  with  a  broad 
strip  of  gauze  wrung  out  of  saline  and  containing  salt 
sacs  in  its  folds.  The  pack  must  enter  into  every 
corner  of  the  joint  and  leave  no  vacant  spaces. 
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A  large  tube  for  drainage  of  the  central  parts  is 
placed  amongst  the  folds  of  gauze. 

The  limb  is  then  put  up  at  an  angle  of  about 
45  degrees,  and  this  is  best  done  by  fixing  on  a 
special  splint  (Fig.  38).  The  packing  is  left  un- 
disturbed until  it  becomes  non-adherent,  when  a 
fresh  pack  is  inserted.  When  the  raw  surfaces  are 
covered  with  healthy  granulations  the  limb  is 
placed  on  a  Thomas  splint. 

A  method  we  have  often  employed  successfully 
in  acutely  septic  cases  is  to  perform  the  radical 
operation  and  dress  with  salt  sacs.  The  limb  is 
then  placed  on  a  bent  splint  in  the  flexed  position 
for  three  days,  when  an  anaesthetic  is  given  and 
the  limb  placed  in  the  extended  position  on  a 
Thomas  splint.  The  salt  sacs  are  not  removed 
but  continuous  saline  irrigation  is  commenced. 

The  Manual  of  Treatment  describes  the  following 
methods  of  drainage  : 

Methods  of '  Drainage.  1.  The  joint  is  opened  by  incisions  in 
the  long  axis  of  the  limb,  extending  the  entire  length  of  the 
lateral  reflexions  of  the  synovial  membrane  at  its  most  dependent 
level.  These  incisions  are  best  made  by  opening  the  large 
pouch  of  the  joint  above  and  then  continuing  the  incision 
downwards  close  to  the  line  of  reflexion  of  the  synovial  mem- 
brane from  the  bones.  If  necessary,  at  a  later  date,  the  lower 
extremities  of  the  two  lateral  incisions  may  be  connected,  and 
a  flap  thus  raised  which  will  expose  the  whole  interior  of  the 
joint.  When  the  joint  cavity  has  been  thoroughly  flushed, 
drainage  tubes  may  be  inserted,  if  it  be  wished  to  use  continuous 
irrigation.  Another  method  consists  in  packing  the  synovial 
cavity  with  gauze.  The  latter  requires  to  be  replaced  daily. 
For  the  first  two  days  an  anaesthetic  is  required  for  this  purpose  ; 
after  these  two  dressings  no  anaesthetic  should  be  necessary. 
The  packing  holds  apart  the  synovial  surfaces,  thus  preventing 
primary  adhesion  between  them,  and  further,  the  gauze,  by 
capillary  action,  sucks  up  discharge  from  the  deeper  recesses 
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of  the  joint.  The  process  of  packing  may  require  to  be  con- 
tinued for  a  week  or  more. 

2.  The  joint  is  opened  by  a  single  transverse  subpatellar 
anterior  incision.  This  incision  may  be  used  for  the  worst  type 
of  case,  where  ankylosis  is  the  object,  and  it  is  thought  that 
amputation  may  possibly  be  avoided. 

The  incision  should  extend  so  far  on  each  side  that  no  deep 
recesses  are  left  posteriorly  ;  the  lateral  ligaments  are  freely 
divided.  The  crucial  ligaments  are  cut  across  and  the  semi- 
lunar  cartilages  removed.  The  opposing  articular  surfaces  are 
then  easily  drawn  apart  to  allow  free  access  to  the  posterior 
part  of  the  joint. 

Any  communicating  pockets  of  pus  should  be  freely  laid  open 
and  drained.  It  is  advisable  in  most  cases  to  remove  shattered 
pieces  of  the  articular  ends  of  the  bone.  These  are  apt  to 
necrose,  and  inflammation  is  prone  to  spread  up  or  down  the 
crevices  and  lead  to  osteomyelitis  of  the  femur  or  tibia.  Their 
removal  may  greatly  facilitate  drainage.  The  exposed  parts 
may  now  be  dressed  with  any  of  the  usual  antiseptic  dressings, 
but  some  surgeons  strongly  advocate  the  following  dressing 
for  this  as  well  as  for  other  wounds. 

Tablets  of  sodium  chloride  and  sodium  citrate  may  be  placed 
in  all  pockets  and  in  crevices  in  the  bone,  as  well  as  in  the  folds 
of  gauze  saturated  in  strong  hypertonic  solution,  which  are 
now  carefully  and  fairly  firmly  packed  around  the  ends  of  the 
bones  and  into  any  large  pockets.  A  large  tube  for  drainage 
of  the  central  parts  and  for  the  introduction  of  more  tablets 
into  the  lumen,  if  thought  necessary,  is  placed  amongst  the  folds 
of  gauze.  Any  posterior  synovial  pouches  should  be  drained. 
No  suturing  is  done.  These  dressings  may  often  be  left  for 
several  days  at  a  time.  Only  the  superficial  layers  of  gauze 
and  wool  on  the  skin  need  be  changed. 

The  knee  is  placed  afterwards  on  its  outer  side,  on  a  pillow 
or  special  splint,  in  strong  flexion  or  else  in  a  straight  splint 
with  slight  extension  applied  to  the  leg  so  that  the  articular 
surfaces  are  separated  freely.  Care  must  be  taken  that  the 
main  vessels  do  not  become  kinked,  or  too  much  pulled  upon. 

When  the  raw  surfaces  are  covered  with  healthy  granulations 
the  knee  is  fixed  by  suitable  splints  in  a  position  of  very  slight 
flexion.  It  is  necessary  first  to  remove  the  loosened  articular 
cartilages.  A  soft  drain  (e.g.  folded  jaconet  or  batiste)  should 
be  inserted  behind  the  condyles  for  a  few  days. 
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Whatever  method  of  drainage  is  employed  in  these  septic 
cases,  particular  attention  should  be  given  to  the  synovial 
pouches  at  the  back  of  the  joint,  especially  to  the  bursa  of  the 
popliteus.  Infection  of  this  bursa  is  probably  the  cause  in  most 
cases  of  the  deep  suppuration  which  tracks  down  into  the  calf, 
and  if  it  be  drained  by  a  tube  which  also  drains  the  posterior 
part  of  the  knee  such  abscess  formation  will  probably  be  pre- 
vented. 

Barnard's  method  of  drainage  consists  of  making 
two  or  more  incisions  and  passing  an  instrument 
through  the  joint  and  making  counter  incisions 
posteriorly.  Tubes  of  rigid  material  are  passed 
through  the  joint  by  which  the  posterior  pouches 
of  synovia  are  drained.  Although  the  anatomical 
principles  of  this  method  are  correct  the  results 
have  led  to  its  discontinuance.  The  passage  of 
tubes  through  the  joint  from  before  backwards 
between  the  opposed  articular  surfaces  is  very 
deleterious  to  the  joint  tissues.  The  drainage  is 
apt  to  be  unsatisfactory  owing  to  the  complicated 
reflexions  of  the  synovia  ;  the  result  is  that  pockets 
of  pus  are  liable  to  form.  This  method,  in  fact, 
inflicts  great  damage  upon  the  joint  without 
adequate  result ;  its  employment  is  too  drastic  in 
mild  cases  and  not  sufficiently  radical  in  severe 
ones. 

INJURY  TO  THE  KNEE  JOINT  COMPLICATED 
BY  FRACTURE 

Comminuted  Fracture  of  the  Patella.  The  patella 
is  usually  so  destroyed  by  bullet  wounds  that  its 
recovery  in  a  septic  wound  is  impossible.  The 
whole  bone  should  be  removed  and  free  lateral 
incisions  made  at  the  most  dependent  portions  of 
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the  synovial  reflexions.  In  some  cases  loose  frag- 
ments alone  may  be  removed  and  the  infected 
bone  and  soft  tissue  cut  away.  A  movable  joint 
can  only  be  expected  in  cases  presenting  compara- 
tively minor  injuries  to  the  bone  which  come  under- 
treatment  at  an  early  stage.  Suture  of  the  synovial 
membrane  should  be  reserved  for  such  cases. 

Fracture  of  the  Articular  Ends*of  the  Femur  and 
Tibia.  Should  a  conservative  operation  be  per- 
formed at  an  early  stage  and  the  wound  run  an 
aseptic  course,  the  fracture  does  not  materially 
affect  the  prognosis  and  treatment,  of  the  injury. 

In  the  majority  of  cases  amputation  has  to  be 
performed  eventually.  This  is  especially  true  if 
the  fracture  implicates  the  medullary  cavity  of  the 
bones. 

The  Mammal  of  Treatment  give  the  following  advice 
on  the  question  o£  amputation  : 

The  majority  of  cases  in  which  gross  comminution  of  either 
femur  or  tibia  is  present  eventually  require  amputation.  Severe 
compound  T-shaped  fractures  of  the  lower  end  of  the  femur 
can  rarely  be  saved  and  primary  amputation  is  frequently 
advisable.  Extensive  comminution  of  the  cancellous  tissue  of 
the  head  of  the  tibia  may  prove  very  dangerous  owing  to  the 
severe  constitutional  symptoms  which  follow  septic  absorption 
from  the  injured  spongy  bone.  Treatment  with  strong  hyper- 
tonic  saline  solution  tends  to  prevent  the  occurrence  of  this 
complication. 

The  indications  for  amputation  in  cases  of  gun- 
shot wound  of  the  knee  joint  cannot  be  better 
expressed  than  in  the  following  extract  from  the 
Manual  of  Treatment : 

"  Primary  Amputation  is  strongly  indicated  when 
comminuted  fracture  of  the  articular  ends  of  the 
bones  exists,  especially  if  the  fracture  implicates 
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the  medullary  cavities  of  the  bones  ;  also  in  cases 
of  serious  injury  to  the  main  vessels  and  nerves. 

"  Secondary  Amputation  is  indicated  in  many 
cases  if  serious  infection  attacks  the  joint,  if  sup- 
puration persists,  if  osteomyelitis  spreads,  if  secon- 
dary haemorrhage  occurs,  or  if  the  patient's  general 
condition  deteriorates. 

"  In  both  cases  a  simple  circular  amputation 
should  be  made.  The  stump  is  left  unsutured  in 
acute  cases,  but  in  later  cases,  when  sepsis  has 
abated,  this  procedure  can  be  modified." 

When  conservative  treatment  has  failed  and 
radical  operations  providing  adequate  drainage  have 
not  met  with  success,  amputation  must  be  per- 
formed. Patients  who  do  not  rapidly  show  signs 
of  improvement  rarely  recover,  so  far  as  the  knee 
is  concerned.  Once  suppuration  shows  signs  of 
being  not  only  established  but  progressive,  the  time 
to  amputate  has  arrived. 

Severe  comminution  of  the  articular  ends  of  the 
bones  with  infection  of  the  medullary  cavity  promise 
so  small  a  chance  of  recovery  that  amputation 
should  be  performed  at  an  early  date.  Amputa- 
tions performed  before  the  spread  of  infection  has 
taken  place  far  up  the  thigh  may  be  carried  out 
by  the  circular  method  with  flaps  which  are  left 
unsutured. 

GUNSHOT  INJURIES  TO  THE  SHOULDER 
JOINT 

When  Gross  Fracture  of  the  Bone  is  not  present. 
An  early  excision  of  the  wound,  removal  of  septic 
tissue,  and  drainage  down  to  the  synovial  mem- 
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brane,  but  not  into  the  joint  cavity,  is  satisfactory 
treatment  in  the  less  severe  cases.  Wounds  of  this 
joint  do  not  as  a  rule  present  the  serious  con- 
sequences associated  with  wounds  of  the  knee 
joint.  The  removal  of  missiles  from  the  joint  often 
present  great  difficulty.  A  free  incision  and  a 
large  opening  into  the  joint  by  incision  of  the 
capsule  and  synovia  are  essential.  The  joint  will 
require  a  free  division  of  the  capsule  for  drainage 
purposes,  and  the  incision  may  be  utilized  for 
exploration.  A  long  incision  along  the  anterior 
margin  of  the  deltoid  will  give  good  access  to  the 
joint  for  the  detection  of  foreign  bodies  ;  posterior 
drainage  many  be  obtained  by  making  a  counter 
incision  into  the  posterior  wall  of  the  joint.  A  tube 
inserted  into  or  through  the  joint  may  be  considered 
necessary  in  some  cases,  but  ankylosis  of  the  joint 
will  follow.  Foreign  bodies  are  best  sought  for 
with  gloveless  hands. 

Cases  which  do  not  recover  after  excision  of  the 
septic  area  and  removal  of  the  missile,  followed  by 
irrigation  of  the  joint  and  'the  insertion  of  a  drain 
down  to  the  joint  cavity,  may  be  given  the  chance 
of  recovery  by  free  drainage  through  anterior  and 
posterior  incisions.  The  humerus  triangular  splint 
forms  the  most  convenient  splint.  Continuous 
irrigation  has  been  found  satisfactory.  The  joint 
should  be  treated  with  the  arm  in  the  abducted 
position  when  ankylosis  is  to  be  expected. 

Wounds  of  the  Shoulder  Joint  associated  with 
extensive  Damage  to  Bone.  If  the  head  of  the 
humerus  is  badly  comminuted  excision  of  the 
head  of  the  bone  should  be  carried  out  at  an  early 
stage,  before  the  spread  of  sepsis  occurs.  By  this 
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treatment  septic  tissue  can  be  entirely  removed 
and  the  cavity  packed  with  salt  sacs.  At  the  end 
of  a  week  the  sacs  can  be  replaced  by  a  bandage 
drain.  A  rapid  convalescence  may  be  expected 
in  such  cases. 

Excision  of  the  head  of  the  humerus  is  sometimes 
necessary  as  a  secondary  measure  when  it  has  been 
impossible  to  combat  sepsis  by  more  conservative 
measures. 

The  shoulder  joint  is  explored  by  an  incision 
beginning  midway  between  the  coracoid  and 
acromion  processes  and  carried  downwards  parallel 
with  the  anterior  fibres  of  the  deltoid.  The  cephalic 
vein  and  biceps  tendon  are  to  be  avoided.  The 
head  of  the  humerus  can  easily  be  removed  through 
this  incision  and  posterior  drainage  can  be  obtained 
by  making  an  incision  along  the  posterior  border 
of  the  deltoid.  The  circumflex  nerve  must  be 
avoided  in  the  upper  part  of  the  incision  and  the 
musculo  spiral  in  the  lower.  Several  extensive 
protrusions  of  synovia  require  special  attention. 
One  at  the  inner  and  anterior  part  of  the  capsule 
near  the  root  of  the  coracoid  process  passes  under 
the  tendon  of  the  subscapularis  and  another  pro- 
trusion takes  place  between  the  two  tuberosities 
along  the  bicipital  groove.  A  third  protrusion  may 
be  present  posteriorly  beneath  the  infra-spinatus 
tendon.  These  synovial  pouches  may  be  drained 
by  passing  a  tube  with  a  wire  lead  into  each  and 
irrigating  continuously  or  by  packing  each  with 
a  small  salt  sac.  The  neglect  of  one  pouch  may 
nullify  the  whole  treatment. 
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WOUNDS  OF  THE  ELBOW  JOINT 

Cases  which  are  seen  early  are  treated  by  excision 
of  the  wound,  removal  of  septic  matter,  and  irriga- 
tion of  the  joint.  Drainage  down  to  the  synovia 
is  obtained  by  a  salt  sac. 

When  pus  is  present  in  the  joint  the  joint  is 


FIG.  39.  A  convenient  splint  for  wounds  of  the  elbow. 
The  splint  is  made  of  soft  metal  and  can  be  bent  to  any  de- 
sired angle.  This  splint  may  be  used  in  cases  of  excision 
of  the  joint  or  in  any  case  which  requires  treatment  in  the 
fully  flexed  position. 

washed  out  with  saline  solution  and  drained  by  a 
vertical  incision  on  the  outer  side  of  the  olecranon. 
The  cigarette  drains  supported  by  aluminium  or 
silver  strips,  described  in  Chapter  III,  form  con- 
venient drains  for  this  joint.  The  saline  bath 
treatment  has  been  employed  with  success. 

Primary  Excision  is   advisable  in   some   severe 
cases  when  the  bones  are  shattered.     In  other  cases 
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the  cleansing  operation  undertaken  for  the  removal 
of  sepsis,  although  not  a  formal  excision  of  the  joint, 
amounts  to  much  the  same  as  in  the  following  case  : 

Private  R was  wounded  by  a  bullet  entering  the  forearm 

and  inflicting  a  large  explosive  exit  wound  at  the  point  of  the 
elbow.  Upon  admission  to  hospital  five  days  after  the  injury 
there  was  a  large  septic  wound  four  inches  in  length  and  two 
inches  in  breadth  of  the  upper  part  of  the  posterior  aspect  of 
the  forearm.  The  olecranon  process  was  fractured  and  the 
joint  was  infected.  The  wound  was  excised  en  masse  by  a 
single  section  cutting  through  the  point  of  the  elbow  and 
including  the  olecranon  process.  The  result  of  this  operation 
was  that  a  clean  wound  remained  with  a  flat  surface.  The 
head  of  the  radius  dislocated  backwards  presented  in  the 
wound  ;  this  was  not  removed,  but  was  replaced.  The  wound 
was  dressed  with  a  flat  salt  sac.  The  wound  was  not  dressed 
for  eight  days.  The  sac  was  then  removed  and  a  clean 
granulating  surface  remained.  The  surface  was  grafted  with 
skin  grafts  from  the  thigh  two  days  later. 

Secondary  Excision  of  the  elbow  may  be  required 
in  cases  of  prolonged  suppuration.  The  operation 
must  be  regarded  as  a  simple  drainage  operation. 
The  complicated  synovial  reflexions  which  extend 
to  the  radio-ulnar  articulation  may  require  freer 
drainage  than  that  obtained  by  incisions  of  the 
soft  parts.  Removal  of  the  olecranon  process  and 
the  fixation  of  the  limb  in  the  extreme  flexed 
position  has  provided  the  necessary  drainage  in 
several  severe  cases  of  suppuration. 

Free  incision  into  the  joint,  irrigation,  and  hot 
saline  bath  treatment  have  been  found  to  be  of 
service  in  the  treatment  of  injuries. 

Comminuted  fractures  of  the  lower  end  of  the 
humerus  associated  with  a  septic  condition  of  the 
elbow  joint  form  the  most  difficult  class  of  injury 
in  this  region. 
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The  most  suitable  treatment  appears  to  be  the 
provision  of  free  drainage  of  the  compound  fracture 
by  drain  passed  through  the  lower  end  of  the  arm 
and  a  vertical  incision  to  the  outer  side  of  the 


FIG.  40.     Aluminium   splint  for  wound  of   fore   arm   or 
elbow  joint.     This  splint  forms  a  convenient  splint  for  use 
with  bath  treatment. 


olecranon  into  the  elbow  joint.  In  some  cases  the 
olecranon  process  requires  removal  in  order  to 
drain  the  joint.  The  limb  is  supported  and  slung 
by  means  of  a  modified  Thomas  splint  and  con- 
tinuous irrigation  employed.  It  is  the  practice  of 
some  surgeons  to  preserve  the  olecranon  at  the 
expense  of  the  lower  end  of  the  humerus.  The 
attachment  of  the  triceps  is  then  not  inter- 
fered with.  In  cases  of  fracture  of  the  lower  end 
of  the  humerus  resection  of  this  portion  of 
the  joint  will  be  a  suitable  method  of  obtaining 
drainage. 
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The  position  of  the  limb  when  the  elbow  joint 
is  involved  must  give  way  during  the  early  stages 
of  treatment  to  the  position  required  for  the  treat- 
ment and  drainage  of  the  wound.  In  the  later 
stages  the  limb  is  treated  in  the  flexed  position. 
The  elbow  extension  splint  of  Major  Robert  Jones 
forms  a  convenient  splint. 

Ankylosis  is  to  be  expected  in  the  majority  of 
septic  injuries  to  the  elbow.  The  position  of  the 
limb  becomes  an  important  one.  A  patient  cannot 
feed  himself  with  the  joint  fixed  at  a  greater  angle 
than  a  right  angle.  Owing  to  the  effect  of  gravity 
the  elbow  joint  usually  becomes  fixed  at  an  angle 
greater  than  the  one  aimed  at.  It  is  advisable  to 
place  the  limb  with  the  joint  fixed  at  a  little  less 
than  a  right  angle. 

It  has  rarely  been  found  necessary  to  perform 
amputations  for  septic  wounds  of  this  joint  ;  this 
is  remarkable  when  the  frequent  necessity  in  the 
case  of  the  knee  is  remembered. 

WOUNDS  OF  THE  WRIST  JOINT 

Provided  the  wound  can  be  operated  upon  before 
extension  of  sepsis  to  the  complicated  synovial 
lining  has  taken  place,  the  outlook  is  favourable. 
The  damaged  carpal  bones  have  been  removed  en 
masse,  the  missile  being  removed  with  the  bone 
and  healing  without  further  suppuration  has 
occurred. 

In  septic  cases,  when  the  joint  is  filled  with  pus, 
free  incision  and  removal  of  any  damaged  carpal 
bones  is  indicated.  The  bath  treatment  proves 
satisfactory  in  these  cases. 


PLATE  21.  THE  SKIAGRAM  SHOWS  A  FRACTURE  OF  THE  NECK  OF  THE 
FEMUR,  A  TRAUMATIC  COXA  VARA,  AND  A  LARGE  FRAGMENT  OF  SHELL 
DEEP  IN  THE  HIP  JOINT.  The  joint  was  explored  by  a  curved  incision 
over  the  great  trochanter.  The  trochanter  with  the  attached  muscles 
was  reflected  upwards  and  the  shell  fragment  exposed  and  removed. 
The  septic  tissue  was  cut  away,  the  wound  packed  with  salt  sacs, 
and  the  limb  placed  on  a  Jones  abduction  frame.  The  salt  sacs 
were  removed  seven  days  later  and  the  wound  dressed  with  normal 
saline.  The  pulse  and  temperature  were  normal  a  week  after  the 
operation  and  the  patient  was  transferred  to  England  with  a  healthy 

wound 
To  face  page  289 
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WOUNDS  OF  THE  HIP  JOINT 

Minor  injuries  respond  to  the  usual  treatment 
of  wounds.  Septic  compound  fractures  of  the 
head  and  neck  are  occasionally  complicated  by 
suppuration  of  the  joint.  Two  radical  measures  are 
available  and,  fortunately,  are  sufficiently  curative 
to  render  amputation  for  practical  purposes  out  of 
the  question.  These  are  drainage  and  excision  of 
the  head  of  the  bone. 

Drainage  of  the  hip  joint  is  carried  out  by  making 
the  usual  anterior  exploratory  incision,  passing 
obliquely  downwards  and  forwards  between  the 
sartorius  and  rectus  internally  and  the  gluteus 
medius  and  minimus  externally.  The  joint  may 
be  tapped  for  diagnostic  purposes  by  puncturing 
in  the  line  of  the  exploratory  incision  two  inches 
below  the  anterior  superior  spine.  The  exploring 
needle  is  passed  upwards,  inwards,  and  backwards 
beneath  the  rectus  and  passes  into  the  joint  a  little 
above  the  anterior  intertrochanteric  line.  The 
joint  may  be  drained  by  capillary  drains  through 
this  incision.  The  cigarette  bandage  drains  held 
in  position  by  aluminium  strip  3  (Fig.  3,  p.  55) 
described  in  Chapter  III,  form  a  convenient  method 
of  drainage. 

Posterior  drainage,  combined  with  continuous 
irrigation  through  the  anterior  wound,  is  some- 
times required.  A  curved  transverse  incision  is 
made  over  the  lower  border  cf  the  great  trochanter, 
and  the  great  trochanter  and  its  muscles  are 
reflected  upwards  by  cutting  through  the  root  of 
the  great  trochanter.  The  lower  border  of  the 

19     - 


290  SURGERY  IN  WAR 

great  trochanter  is  identified  and  an  osteotome  is 
inserted  between  the  gluteus  medius  above  and  the 
vastus  externus  below.  The  section  is  made  up- 
wards and  inwards  in  the  line  of  the  superior  surface 
of  the  neck  of  the  femur.  When  the  bone  has  been 
divided  the  trochanter  can  be  lifted  upwards 
carrying  with  it  the  gluteus  medius  and  minimus. 
A  free  incision  in  a  transverse  direction  can  then 
be  made  into  the  capsule  of  the  hip  joint.  The 
fibres  must  not  be  split  by  an  incision  parallel  to 
them  or  the  opening  will  not  remain  patent. 

Excision  of  the  joint  may  be  required  when 
drainage  does  not  combat  the  suppuration  and  the 
head  of  the  bone  is  badly  damaged.  This  can  be 
easily  carried  out  after  the  drainage  operation,  by 
dividing  the  neck  of  the  femur  through  the  posterior 
wound  and  removing  the  head  of  the  bone.  The 
reflexion  of  the  great  trochanter  and  its  muscles 
may  appear  to  be  a  severe  mutilation,  but  it  is 
comparatively  unimportant  in  cases  in  which  the 
hip  will  ankylose  and  is  essential  to  good  access 
to  the  joint  and  drainage.  Union  of  the  bone  is 
easily  obtained  when  the  wound  becomes  clean. 

Patients  suffering  from  injuries  of  the  hip  or 
fractures  of  the  upper  part  of  the  femur  are  in- 
variably placed  on  a  Jones  abduction  frame. 

INJURIES  OF  THE  ANKLE  JOINT 

When  pus  is  present  in  the  ankle  joint  and  the 
condition  has  not  improved  under  more  conserva- 
tive treatment,  the  ankle  joint  may  be  drained 
by  one  of  the  following  methods  : 

The  method  wThich  inflicts  the  least  damage  is 
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one  in  which  four  long  incisions  alone  are  made. 
The  two  anterior  incisions  are  made  in  front  of  the 
external  and  internal  malleoli,  the  deep  fascia  is 
opened,  and  the  tendon  sheaths  retracted  strongly 
towards  the  middle  line  of  the  ankle  whilst  the 
incision  is  carried  down  to  the  joint.  The  posterior 
incisions  are  made  by  pushing  an  instrument 
through  the  joint  until  it  appears  to  the  side  of 
the  tendo  achillis,  and  cutting  down  upon  this 
point.  Tubes  may  be  passed  through  the  joint 
and  the  foot  and  ankle  placed  in  a  bath.  Con- 
tinuous irrigation  may  be  employed. 

When  extensive  injury  to  bone  is  present  more 
extensive  drainage  operations  may  be  required. 
The  principal  methods  of  obtaining  free  drainage 
are  excision  of  the  entire  astragalus  and  sub- 
periosteal  resection  of  the  external  malleolus. 
When  the  astragalus  is  fractured  or  contains  a 
foreign  body  excision  of  the  astragalus  would  be 
the  preferable  treatment.  The  loss  of  function 
following  the  loss  of  this  bone  is  much  less  than 
might  be  supposed.  Removal  of  a  portion  of  the 
fibula  subperiosteally,  leaving  the  tip  and  external 
lateral  ligament,  will  admit  of  good  drainage  if 
the  foot  is  slung  so  as  to  keep  its  outer  aspect 
dependent. 

This  method  is  particulady  advantageous  when 
there  is  comminution  of  the  lower  end  of  the  fibula 
or  when  a  foreign  body  requires  removal  from 
beneath  the  fibula. 


CHAPTER  XIII 
WOUNDS  OF  THE  ABDOMEN 

NOWHERE  in  the  field  of  war  surgery  is  .the  dis- 
cretion of  the  surgeon  more  taxed  than  when  he  has 
to  decide  whether  to  interfere  in  the  case  of  an 
abdominal  wound  or  whether  to  refrain.  Often- 
times the  question  is  decided  for  him  by  the  gravity 
of  the  patient's  condition  when  he  is  brought  for 
treatment. 

As  in  peace  time  the  symptoms  of  the  patient  may 
afford  little  evidence  of  the  gravity  of  the  condition 
actually  existing. 

Surgeons  who  have  seen  many  of  these  cases  differ 
very  widely  in  their  views  of  the  results  of  operation. 
The  experience  gained  in  other  campaigns  is 
probably  untrustworthy  if  applied  to  the  present, 
particularly  that  of  South  Africa.  There,  many 
wounds  of  the  abdominal  cavity  were  seen  to  recover 
without  operation,  and  opinion  veered  strongly  in 
favour  of  expectancy.  *  But  the  soldier  was  wounded 
by  a  rifle  bullet  almost  always  at  long  range 
and  his  stomach  was  often  empty  when  he  was  hit. 
In  the  present  war,  conditions  differ  greatly.  The 
missiles  are  of  great  variety  and  the  effects  of 
rifle  fire  at  short  range  are  very  different  from  that 
of  the  conical  bullet  in  South  Africa.  Thus  the 
basis  of  an  opinion — experience— is  insecure. 
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In  peace  time  all  acute  abdominal  conditions  fall 
into  the  domain  of  the  surgeon.  By  timely  opera- 
tion an  inflamed  appendix  is  removed,  a  perforation 
is  sutured,  and  the  widespread  havoc  which  would 
otherwise  result  is  prevented.  The  surgeon  owes 
his  success  to  the  appreciation  of  very  early  inter- 
ference. Were  he  only  called  upon  to  operate  in 
the  presence  of  advanced  peritonitis,  either  from 
disease  or  injury,  the  success  he  would  attain  would 
be  comparatively  small. 

The  surgeon  in  war  time  is  often  in  this  position 
when  he  is  called  upon  to  decide  on  operation  ;  the 
auspicious  moment  being  long  since  past. 

Before  considering  the  problem  in  detail  four  out- 
standing features  present  themselves  : 

(1)  Many  patients  are  quite  beyond  the  help  of 
surgery. 

(2)  Of   those    still    in   a   state  where   operation 
might   be  beneficial,   some   would  recover   if   left 
alone. 

(3)  Cases  which  may  seem  favourable  for  opera- 
tion may  present  such  extensive  injuries  as  to  make 
the  chance  of  recovery  most  remote. 

(4)  More  harm  than  good  may  come  from  inter- 
ference.    As  regards  the  last  point,  many  cases  of 
rifle  bullet  inj  ury  of  the  small  bowel  have  been  found 
with  numerous  perforations  of  the  bowel  without 
leakage  of  the  contents.     The  bowel  has  often  been 
paralysed   in  this  condition  when  laparotomy  or, 
later,  an  autopsy  has  been  performed.    It  is  diffi- 
cult to  see  what  good  can  come  of  an  operation  in 
such  a  condition  and  the  inevitable  shock  of  opera- 
tion is  added    to  that   already  existing   from  the 
effect  of  the  wound. 
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It  can  be  seen,  therefore,  that  in  arriving  at  a 
decision  in  any  case  the  difficulties  are  very  great. 

Some  light  may  be  thrown  on  the  problem  by  the 
nature  of  the  wound,  the  missile  which  probably 
caused  it,  and  a  survey  of  the  possible  injuries 
which  may  result  if  the  track  of  the  missile  is  known. 

Nature  of  the  External  Wound.  Large  lacerated 
wounds  of  the  abdominal  wall  are  likely  to  be  associ- 
ated with  such  serious  internal  injuries  that  small 
hope  of  success  will  attend  any  effort  of  the  surgeon. 
This  applies  with  more  force  if  there  is  an  exit  as 
well  as  an  entrance  wound.  However,  large  wounds 
— the  result  of  explosions — have  sometimes  been 
found  amenable  to  operation.  When  prolapse  of 
omentum  or  bowel  is  present  in  a  patient  without 
great  haemorrhage  the  surgeon  is  justified  in  at- 
tempting operation  should  the  patient's  condition 
be  suitable. 

Small  entrance  wounds  are  likely  to  be  the  effect 
of  rifle  bullets  although  the  exit  wound  may  be 
large  if  the  man  is  hit  at  short  range.  These  cases 
are  the  most  suitable  for  operation  but  a  great  deal 
depends  on  the  area  wounded  as  will  be  said  later. 
It  must  be  borne  in  mind  also  that  these  are  the 
most  likely  cases  to  recover  without  operation. 

Nature  Of  Missile.  Fragments  of  shell  and  shrap- 
nel cause  much  more  damage  than  rifle  bullets.  The 
latter  may  traverse  the  bowel  without  leakage 
resulting.  This  will  only  happen  with  the  bursting 
missile  if  the  fragment  is  tiny. 

Track  taken  by  Missile.  It  is  well  to  remember 
in  the  first  instance  that  the  entrance  wound  alone 
gives  little  information  as  to  the  direction  that  the 
bullet  has  taken.  It  may  be  in  the  loin  and  severe 
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injury  may  be  present  in  any  part  of  the  abdomen. 
A  bullet  may  enter  the  buttock  and  the  gravest 
damage  be  inflicted  in  the  pelvis  or  higher  still. 
However,  when  an  exit  wound  is  also  present  a 
slight  knowledge  of  anatomy  will  give  some  picture 
of  the  track  of  the  bullet. 

Consider  then  the  abdomen  divided  into  its  nine 
areas.  It  has  been  found  that  bullets  traversing  the 
three  medial  regions  are  of  greater  gravity  than  those 
through  the  lateral,  and  that  those  of  the  umbilical 
region  are  much  more  serious  than  wounds  of  the 
epigastrium  or  hypogastrium. 

The  efforts  of  the  surgeon  in  operating  in  an  early 
stage  are  directed  towards  the  repair  of  a  hollow 
vise  us  and  the  arrest  of  haemorrhage. 

Bearing  this  in  mind  imagine  a  track  straight 
backwards,  through  the  umbilical  region.  In  all 
probability  several  coils  of  the  small  intestine  will 
be  punctured,  damage  will  be  inflicted  on  the  omen- 
turn  and  mesentery  and  the  bullet  will  pass  through 
the  neighbourhood  of  the  pancreas  with  vital  struc- 
tures— large  vessels  and  ducts — lying  close  to  it, 
any  of  which  may  be  injured.  To  deal  with  such  a 
wound  the  whole  of  the  small  intestine  must  be 
examined  and  repairs  made  if  necessary.  This  is 
a  big  operation  and  the  patient,  already  in  a  grave 
state,  may  show  such  signs  of  collapse  that  the 
surgeon  may  have  to  desist  with  his  work  only 
partially  accomplished.  There  may  still  be  lacer- 
ated blood-vessels  and  other  injuries  untreated 
which  are  enough  to  nullify  any  good  which  has 
resulted. 

Or  the  condition  already  described  of  punctured 
wounds  of  the  small  intestine  may  be  present,  with- 


296  SURGERY  IN  WAR 

out  leakage  of  bowel  contents  but  with  paralysis  of 
portions  of  the  bowel. 

So  it  appears  that  in  most  cases  of  wounds  in  this 
area  that  the  patient  has  as  good  a  chance  of 
recovery — small  as  it  may  be — if  the  decision  is 
against  operation. 

Wounds  of  the  Epigastric  Area  are  more  favourable. 
The  stomach  occupies  the  chief  part  of  this  region, 
and  should  the  wound  be  inflicted  when  it  is  empty 
there  is  good  chance  of  recovery  without  operation. 
Should  it  be  considered  necessary  later  from  the 
onset  of  peritonitis,  a  wound  of  the  stomach  is  much 
more  easily  dealt  with  than  multiple  wounds  of  the 
small  intestine  which  require  a  prolonged  search  to 
disclose. 

In  the  Hypogastric  Region  the  bladder  is  likely  to 
be  wounded  together  with  coils  of  small  intestine 
or,  still  more  likely,  the  rectum. 

The  Lateral  Regions  of  the  abdomen  are  less  dan- 
gerous areas  when  wounded.  The  damage  may  be 
of  solid  organs — the  liver  and  kidney — and  recovery 
often  takes  place  without  operation.  Even  if  the 
colon  is  wounded  there  is  less  chance  of  general 
peritonitis  than  in  laceration  of  the*  small  intestine. 

Such  are  the  probabilities  from  an  anatomical 
standpoint. 

Symptoms.  The  symptoms  of  the  patient  may 
be  those  of  almost  any  acute  abdominal  lesion. 
They  are  of  more  value  as  a  guide  to  his  general 
condition  than  as  information  as  to  the  damage  in- 
flicted, which  is  better  estimated  from  other  con- 
siderations. 

Any  wound  of  the  abdominal  cavity  will  produce 
severe  shock.  The  symptoms  that  the  patient  p.re- 
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sents  just  after  being  wounded  are  due  to  this  and 
the  amount  of  haemorrhage  that  is  caused  by  his 
wound.  The  blanched  face,  quick  breathing,  and 
rapid,  small  pulse  may  be  some  indication  of  the 
amount  of  haemorrhage  if  there  is  no  great  abdominal 
pain,  tenderness,  or  rigidity.  But  when  a  severe 
abdominal  injury  is  present  the  general  symptoms 
may  be  very  similar  without  extensive  haemorrhage. 
Sudden  internal  haemorrhage  from  pathological 
causes  is  often  difficult  of  distinction  from  per- 
foration. 

The  well-known  symptoms  of  general  peritonitis 
may  develop  if  the  patient  survives  long  enough. 

After  some  days  local  pain  and  tenderness  may 
equally  well  point  to  haemorrhage  or  inflammation, 
and  although  high  temperature  may  favour  the 
latter  a  certain  amount  of  pyrexia  is  not  incompatible 
with  haemorrhage. 

Signs  of  peritonitis  after  some  days  with  jaundice 
will  point  to  injury  to  the  liver  or  bile-duct  and  the 
escape  of  bile  into  the  peritoneum. 

The  passage  of  blood  in  the  urine  or  severe  pain  on 
attempting  to  micturate  should  indicate  injury  of 
the  kidney  or  bladder.  If  the  patient  has  pain  in 
the  bladder  and  cannot  pass  water  a  catheter  should 
be  introduced.  If  bloody  urine  is  withdrawn  an 
injury  of  the  bladder  is  present. 

"  Haematuria  is  not  usually  severe  but  it  may  be 
both  severe  and  continuous.  In  some  cases  the 
bleeding  ceases  for  a  time  only  to  return  later  and  in 
these  cases  the  kidney  is  often  found  much  lacer- 
ated."— Memorandum  of  Treatment  of  Injuries. 

The  development  of  cellulitis  in  the  neighbour- 
hood of  the  kidney  or  bladder  after  some  days 
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should  suggest  the  possibility  of  extravasation  of 
urine. 

With  a  wound  in  the  hepatic  area,  bleeding  may 
be  suspected  from  blanching  of  the  face,  an  increasing 
pulse-rate  and  difficulty  in  breathing.  The  flanks 
should  be  percussed  for  dulness  from  the  presence  of 
accumulated  blood. 

Choice  of  Cases  Suitable  for  Operation.  The  time 
at  which  an  operation  can  be  performed  after  the 
injury  has  occurred  is  a  great  factor  in  the  decision 
of  the  surgeon.  To  simplify  the  indication  for 
operation,  it  is  well  to  adopt  some  classification  of 
cases  as  regards  their  suitability  for  operation  at 
certain  periods. 

(1)  Immediately  after  the  infliction  of  the  wound. 

(2)  After  a  lapse  of  twelve  hours. 

(3)  On  arrival  at  the  base  two  days  perhaps  after 
being  wounded. 

No  attempt  will  be  made  to  give  operative  tech- 
nique in  detail,  but  the  measure  which  may  be 
adopted  can  be  conveniently  reviewed  at  this  time. 

Immediate  Operation  is  seldom  possible,  but  a 
wounded  man  may  be  brought  within  a  short  time 
of  being  wounded  to  a  place  where  proper  equipment 
for  abdominal  work  is  available.  When  buildings 
within  easy  reach  of  the  firing  line  have  been  occu- 
pied for  a  long  time  for  surgical  work,  the  necessary 
accommodation  an(J  equipment  may  be  forthcoming. 
Other  special  arrangements  are  made  for  dealing 
with  this  type  of  wound. 

Take  first  the  consideration  of  cases  with  a  single 
wound.  Without  a  proper  X-ray  examination 
practically  no  idea  of  the  track  of  the  bullet  can  be 
formed  and  an  operation  will  be  of  the  nature  of 
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groping  in  the  dark,  so  unless  the  symptoms  clearly 
point  to  "haemorrhage  from  some  known  source, 
operation  is  better  deferred. 

A  large  wound,  permitting  of  escape  of  the  bowel, 
should  be  dealt  with,  always  supposing  that  the 
condition  of  the  patient  permits,  a  nd  any  reasonable 
search  made  for  the  missile  and  for  any  internal 
injuries.  Prolapsed  omentum  or  bowel  should  be 
returned  if  uninjured  and  the  procedure  to  be 
followed,  if  injuries  are  present,  depends  upon  the 
extent  of  the  damage.  Small  perforations  can  be 
sutured,  but  if  the  loop  of  bowel  is  much  injured  with 
its  mesentery  the  surgeon  can  choose  between 
resection  or  temporary  drainage  of  the  injured  bowel, 
a  tube  being  inserted  into  the  bowel  which  is  then 
stitched  to  the  wound.  In  neither  case  is  the  out- 
look hopeful,  b'ut  the  delivery  of  a  loop  of  damaged 
bowel,  and  drainage  without  resection,  will  probably 
have  the  advantage  in  causing  less  shock  than  resec- 
tion. 

When  it  is  suspected  that  a  piece  of  shell  has 
travelled  some  distance  across  the  abdominal  cavity, 
or  when  two  large  wounds  make  this  almost  certain, 
operation  holds  the  faintest  chance  of  success. 

In  the  events  of  "  through  and  through  "  wounds, 
much  depends  on  the  region  wounded.  If  this  should 
be  one  of  the  three  median  areas,  immediate  operation 
is  not  advisable.  Wounds  of  the  umbilical  region, 
or  the  small  intestine  area,  as  it  has  been  called,  are 
most  unsuitable,  as  has  been  already  stated.  A 
similar  wound  through  the  epigastrium  may  be  left 
as  there  are  hopes  of  spontaneous  recovery  and 
operation  even  after  the  lapse  of  some  hours  offers 
fair  chances.  A  through  wound  of  the  hypogastrium 
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is  especially  suitable  for  operation  if  only  the 
bladder  is  wounded,  but  this  is  not  likely  to  be 
diagnosed  immediately.  Should  the  small  intestine 
or  the  upper  part  of  the  rectum  be  injured  as  well  as 
the  bladder,  the  chances  are  small  indeed.  The 
Memorandum  of  Treatment  suggests  that  colostomy 
may  be  performed  if  the  rectum  is  found  injured  in 
this  area  and  that  the  wound  of  the  bladder  should 
be  untouched.  Some  cases  of  wounds  of  bladder 
and  rectum  have  recovered  without  operation. 

Extensive  wounds  of  the  lower  part  of  the  rectum, 
associated  with  fracture  of  the  pelvis,  or  much 
gluteal  laceration,  may  be  dealt  with  by  colostomy 
to  avoid  the  dreadful  state  of  sepsis,  which  the  con- 
stant soiling  by  faeces  entails.  In  dealing  with 
bullet  wounds  in  the  flanks  the  surgeon  has  more 
hopes  of  success.  He  may  attempt  to  stop  haemor- 
rhage from  the  liver  or  the  kidney,  but  unless  profuse, 
bleeding  from  either  organs  may  be  given  the  chance 
of  spontaneous  arrest.  External  haemorrhage  from 
the  kidney  might  be  dealt  with  at  this  stage  but  the 
free  passage  of  blood  in  the  urine  would  not  demand 
immediate  operation.  Bleeding  from  the  liver  can 
be  arrested  by  deep  suturing  or  by  plugging  with 
gauze,  but  it  must  be  remembered  that  only  the 
anterior  part  of  the  organ  is  accessible  by  operation, 
so  should  the  track  of  the  bullet  make  it  probable 
that  the  posterior  part  is  wounded,  operation  should 
not  be  attempted.  If  a  small  laceration  of  the  gall- 
bladder is  found  it  may  be  sutured,  but  if  any  diffi- 
culty is  found  in  doing  this  it  is  better  to  tie  in  a  tube 
and  drain  externally  or  to  remove  the  gall-bladder. 

Wounds  of  the  large  intestine  may  be  sutured 
if  small,  but  when  any  lacerated  wound  is  present  it 
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would  seem  advisable  to  draw  out  the  injured  coil 
and,  after  stitching  it  to  the  abdominal  wall,  to  en- 
large the  opening  if  necessary,  as  is  done  in  a  set 
colostomy  operation. 

Operation  after  a  Lapse  of  Twelve  Hours.  The 
cases  suitable  for  immediate  operation  may  also  be 
operated  on  at  this  stage,  always  supposing  the 
condition  of  the  patient  is  good  enough  to  permit 
this. 

There  will  be  few  cases  of  hcemorrhage  that  require 
operation  at  this  stage.  Either  the  patient  will  have 
bled  too  much  to  stand  operation,  or  there  will  be 
some  possibility  of  its  having  been  spontaneously 
arrested.  Even  localized  hsemorrhage — unless  there 
are  signs  of  the  swelling  becoming  progressively 
larger — is  better  dealt  with  later. 

Colonel  A.  W.  Mayo-Robson  has  recently  pub- 
lished an  article  (B.M.J.,  December  4,  1915)  dealing 
with  this  subject.  Coming  from  such  an  authority 
it  has  special  interest,  particularly  as  he  has  had 
ample  opportunity  of  early  operation  on  hospital 
ships  at  the  Dardanelles.  After  noting  the  success 
gained  in  South  Africa  by  adopting  expectant 
treatment  he  contrasts  it  with  the  disappointing 
results  seen  when  he  was  serving  with  the  French 
army  in  the  Argonne  both  from  expectant  and 
operative  measures,  the  difficulty  there  in  collecting 
the  wounded  until  nightfall  being  very  great.  This 
has  been  the  same  in  nearly  all  circumstances  along 
the  Western  front.  The  following  is  extracted  from 
his  article  : 

It  will  be  seen  that  at  the  Dardanelles  we  were  much  more 
favourably  placed  for  the  treatment  of  abdominal  injuries,  seeing 
that  the  cases  as  a  rule  were  admitted  early,  and  could  be  treated 
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in  theatres  equipped  for  dealing  with  serious  surgical  cases.  On 
shore  the  flies  and  dust  and  the  general  unrest  were  unfavourable 
factors  ;  yet  success  attended  operation  in  quite  a  number  of 
cases  otherwise  hopeless. 

After  some  little  experience  of  the  course  of  cases  treated  by 
opium,  starvation,  and  rest,  I  soon  came  to  the  conclusion  that 
we  might  be  able  to  do  more  for  these  patients,  since  a  very  large 
proportion,  especially  of  the  shrapnel  and  shell  wounds,  ended 
badly.  Judgment  must  be  exercised  as  to  the  class  of  cases  in 
which  it  is  wise  to  operate  ;  for  instance,  a  clean  bullet  wound 
through  the  abdomen,  with  small  wounds  of  entry  and  exit,  and 
without  evidences  of  internal  haemorrhage  or  extravasation,  may, 
if  favourably  situated,  be  treated  expectantly  ;  whereas  a  bullet 
wound  with  large  openings  of  entry  and  exit,  or  with  signs  of 
internal  haemorrhage  or  extravasation,  and  with  absence  of 
liver  dulness,  should  be  operated  on  as  soon  as  possible  if  seen 
early  and  if  the  general  condition  is  favourable. 

As  nearly  all  shrapnel,  shell,  and  bomb  wounds  are  septic  and 
produce  great  visceral  injury,  operation  will  give  a  better  chance 
of  success  than  expectant  treatment  if  the  patient  is  in  a  fit 
condition  to  bear  it  and  the  case  is  seen  early.  If  the  case  is 
seen  late  and  peritonitis  has  already  set  in,  a  small  incision  above 
the  pubes  large  enough  for  the  insertion  of  a  drainage-tube  down 
to  the  bottom  of  the  pelvis,  and  the  Fowler  position,  will  give 
the  patient  a  chance  of  recovery. 

The  following  cases,  which,  at  the  special  wish  of  the  operating 
surgeons,  I  personally  operated  on,  will  give  some  idea  of  the 
conditions  for  which  operations  may  be  required  : 

(1)  Shell  wound  of  abdomen  seen  between  two  and  three  hours 
after  injury  ;    it  had  occurred  shortly  after  the  midday  meal, 
the  man  having  been  summoned  to  repel  an  attack  by  the 
enemy  as  he  was  finishing  his  dinner.     The  wound  was  in  the 
mid-line   between  the   umbilicus   and  ensiform   cartilage.     On 
opening  the  abdomen  the  stomach,  which  was  full  of  food,  was 
seen  to  have  a  rent  in  its  front  wall  of  f  in.,  the  posterior  wall 
being  uninjured.     The  gastric  wound  was  closed  with  silk  and 
the  abdomen  was  wiped  out  with  pads  soaked  in  normal  saline 
solution  and  then  closed.     The  wound  through  the  abdominal 
wall  should  have  been  excised,  as  it  suppurated  and  gave  rise 
to  some  trouble,  but  the  ultimate  recovery  was  quite   satis- 
factory. 

(2)  Penetrating  wound  of  right  side  of  abdomen  with  collapse 
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owing  to  internal  haemorrhage.  The  patient  was  seen  within 
six  hours  of  the  injury.  On  opening  the  abdomen  much  free 
blood  was  evacuated  and  a  large  vessel  in  the  mesentery  was 
ligatured.  The  abdomen  was  closed  after  being  wiped  out 
with  pads  soaked  in  normal  saline  solution.  The  patient 
recovered. 

(3)  Shrapnel  wound  low  down  in  the  caecal  region,  bleeding 
freely  on  admission,  about  four  hours  after  injury.     On  opening 
the  abdomen,  a  large  wound  was  found  in  the  caecum  ;    the 
spermatic  cord  was  divided  and  bleeding  freely,  and  the  bullet 
had  passed  through  the  bony  pelvis  into  the  buttock.     The 
caecum,  which  was    full  of  faeces,  was  closed  by  silk    suture 
used  continuously  in  two  layers,  the   cord  was  ligatured,  the 
right  testis  removed,  and  a  tube  passed  through  the  opening 
into  the  buttock.     The  abdomen  was  wiped  out  with  swabs 
dipped  in  normal  saline  solution  and  closed  around  the  drainage 
tube.     The  patient  recovered. 

(4)  Bullet  wound  through  right  side  of  abdomen  below  the 
costal    margin.       Liver    dulness    was    absent    and    there    was « 
effusion  in  the  right  loin  when  the  patient  was  seen,  four  hours 
after  injury.     The  abdomen  was  opened  and  visceral  wounds  in 
colon  and  duodenum  closed  by  purse-string  sutures.      The  right 
side  of  the  abdomen  was  wiped  out  with  pads  soaked  in  normal 
saline  solution  and  the  wound  closed.     The  patient  recovered. 

(5)  Shrapnel  wound  beneath  left  costal  margin,  free  internal 
bleeding,  and  collapse.     The  patient  was  seen  three  hours  after 
injury.     On  opening  the  abdomen  blood  gushed  out  and  free 
bleeding  was  continuing  from  wounds  of  vessels  in  the  meso- 
colon,  mesentery,  and  pancreas  ;   all  of  these  were  immediately 
ligatured,  and  openings  in  the  colon  and  in  three  loops  of  small 
intestine  were  rapidly  closed  by  silk  purse-string  sutures,  and 
after  wiping  out  the  abdomen  with  normal  saline  solution  the 
wound  was  closed.     Despite  transfusion  and  saline  injections, 
the  patient  died  from  collapse  a  few  hours  later. 

(6)  Bullet  wound  in  epigastrium,  passing  through  the  abdomen 
and  out  near  the  spine.     This  case  was  seen  about  four  hours 
after  injury  with  free  blood  in  the  abdomen.     On  opening  the 
abdomen  the  bullet  was  found  to  have  passed  through  the  liver, 
stomach,   and  pancreas,   and  the  latter  was    bleeding  freely. 
The  vessels  in  the  pancreas  were  ligatured,  the  openings  in  the 
stomach  were  closed  with  purse-string  sutures,  the  liver  bleeding 
having    stopped   from    pressure   with    a    pad   of   gauze.     The 
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abdomen  was  wiped  out  with  noririal  saline  solution  and  the 
abdomen  was  closed.  He  made  an  uninterrupted  recovery. 

(7)  Bullet  wound  through  right  side  of  abdomen  and  bladder. 
The  abdomen  was  opened.  No  visceral  wound  was  found 
except  that  of  the  bladder,  which  was  drained  above  the 
pubes.  The  remainder  of  the  wound  was  closed.  The  patient 
recovered. 

The  above  cases  are,  I  think,  sufficient  to  establish  the  views 
I  have  advocated :  that  operation  in  gunshot  injuries  of  the 
abdomen  is  well  worthy  of  consideration  if  the  case  is  seen  early 
and  if  the  patient  is  in  a  fit  condition  to  bear  it  and  in  fit  sur- 
roundings. 

Extravasation  of  Urine  from  the  bladder  is  a  con- 
dition which  may  need  suprapubic  drainage.  This 
holds  good^chances  of  success  if  there  is  no  damage 
of  the  bowel  or  rectum  requiring  operation.  Leak- 
age, of  urinejirom  a  wound  in  the  loin  if  abundant 
calls  for  no  operation  as  cellulitis  is  unlikely  to 
occur.  It  will  probably  cease  as  after  operation 
wound  of  the  kidney.  But  with  a  small  dribble  of 
urine  through  an  oblique  track  cellulitis  is  more 
likely  to  follow  and  if  any  surgical  interference 
is  undertaken  the  track  may  be  opened  to  allow  of 
free  drainage. 

When  wounds  of  the  stomach  show  signs,  at  this 
stage,  of  bleeding  or  peritonitis  by  an  increase  of 
pulse-rate,  vomiting,  more  severe  pain,  and  rigidity 
of  the  abdomen,  laparotomy  should  be  undertaken 
and  an  attempt  made  to  close  the  perforation  and  to 
arrest  the  bleeding. 

A  wound  of  the  colon  may  be  brought  to  the  sur- 
face and  converted  into  a  colostomy  opening 
but  if  the  damaged  portion  is  much  lacerated  and 
is  in  the  descending  part  of  the  bowel  a  medial 
or  inguinal  colostomy  should  be  performed  above 
the  seat  of  the  damage.  The  latter  operation  is 
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specially  suitable  for  large  wounds  of  the  lower  part 
of  the  rectum  when  there  is  fracture  of  the  pelvis  or 
much  laceration  of  the  buttocks  in  order  to  obviate 
the  frequent  soiling  of  the  wound  by  fseces.  If 
the  wound  is  small  and  just  inside  the  sphincter  ani, 
the  Memorandum  of  Treatment  suggests  that  the 
sphincter  should  be  divided.  This  will  ease  the  pain 
of  the  patient  and  allow  flatus  and  motions  to  pass 
easily  and  the  chances  of  abscess  in  the  track  and 
cellulitis  of  the  ischio-rectal  fossa  are  lessened. 

Operation  at  the  Base.  If  a  patient  arrives  at  the 
base  in  a  fair  condition  the  range  of  lesions  suitable 
for  surgical  interference  is  much  widened.  But 
unless  there  are  reasons  to  think  that  the  patient 
is  becoming  worse,  operation  should  be  rarely  decided 
upon  from  the  information  gained  by  one  examina- 
tion. The  chief  dangers  of  the  wound — haemorrhage 
and  general  peritonitis — are  becoming  rapidly  less 
after  forty-eight  hours.  Any  extensive  hunt  in  the 
abdomen  at  this  time  will  tear  down  adhesions  which 
maybe  localizing  the  inflammation.  If,  however,  it 
is  clear  that  this  localizing  process  has  gone  on  to  the 
extent  of  abscess  formation,  operation  can  be  de- 
cided upon  after  a  proper  X-ray  examination  for  the 
localization  of  a  foreign  body.  Often  the  original 
wound  may  be  an  easy  path  to  the  pus,  but  an 
abscess  is  better  drained  without  opening  the  general 
peritoneal  cavity.  This  is  possible  sometimes  in  the 
pelvis  by  raising  the  peritoneum  after  making  a  low 
incision.  A  retro-peritoneal  abscess  from  injury  in 
the  neighbourhood  of  the  kidney  should  be  drained 
through  the  loin. 

An  abscess  in  the  abdomen  may  be  caused  by 
leakage  of  the  bowel  contents  in  the  track  of  the 
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bullet  or  by  the  missile  infecting  the  place  where  it 
lodges.  Should  the  missile  be  lying  in  the  neighbour- 
hood of  the  abscess  when  the  operation  is  under- 
taken an  attempt  should  be  made  to  remove  it. 
But  this  will  be  often  inadvisable  in  the  former  con- 
dition, especially  when  caused  by  a  rifle  bullet, 
unless  it  is  very  easily  accessible. 

The  drainage  of  the  pus  may  be  all  that  will  be 
needed  in  the  first  instance.  The  bullet  may  be 
lodged  in  the  liver,  deep  in  the  loin  or,  in  short,  in  any 
position  where  another  extensive  operation  will  be 
needed  to  extract  it.  In  any  of  which  cases  the 
surgeon  will  be  wise  to  defer  extraction  till  the  acute 
condition  has  subsided.  Sometimes  the  bullet  may 
be  left  in  situ  without  harm. 

When  an  abscess  is  opened  in  the  region  of  the 
large  bowel,  a  fcecal  fistula  is  often  found  to  develop. 
This  will  in  many  cases  heal,  and  an  attempt  at 
closure  through  the  external  wound  is  doomed  to 
failure.  Later,  when  the  inflammation  has  subsided, 
a  laparotomy  can  be  performed,  the  adherent  part 
of  the  bowel  excised  and  closed.  Should  the  wound 
be  gaping  and  sloughing,  or  an  abscess  cavity  of  any 
size  be  between  the  -  perforation  and  the  surface,  a 
temporary  proximal  colostomy  opening  should  be 
made  and  the  abscess  cavity  can  be  washed  out  by 
irrigation  through  the  distal  opening  of  the  colos- 
tomy. 

Local  haemorrhage  may  be  difficult  to  distinguish 
from  a  mild  degree  of  suppuration.  Local  rigidity 
and  tenderness  may  be  present  and  some  pyrexia 
even  when  the  extravasation  is  practically  aseptic. 
At  any  rate  such  haemorrhage  frequently  becomes 
infected  and  the  surgeon  will  in  many  instances  be 
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well  advised  to  open  and  drain  the  cavity.  An 
extraperitoneal  route  should  always  be  adopted  if 
feasible. 

Cellulitis  in  the  loin  or  pelvis  is  often  the  result  of 
extravasation  of  urine.  In  the  former  instance 
incision  and  drainage  may  be  sufficient,  but  in  the 
latter  leakage  may  be  still  going  on  from  the  bladder. 
The  patient  at  this  stage  is  probably  past  the  danger 
of  peritonitis  from  coexisting  damage  to  the  small 
intestine,  so  drainage  of  the  bladder  by  the  supra- 
pubic  method  can  be  undertaken.  Should  an 
opening  be  found  from  the  rectum  into  the  pelvis 
drainage  of  the  wound  with  a  temporary  colostomy 
should  be  adopted. 

Haemorrhage  from  the  kidney  sometimes  calls  for 
operation  at  the  base.  It  has  been  found  that  when 
haemorrhage  recurs  after  having  ceased  extensive 
damage  of  the  kidney  is  present.  Such  damage  can 
generally  be  met  only  by  removal  of  the  organ. 

Subphrenic  Abscess,  the  result  of  local  or  distant 
suppuration  after  injury,  may  give  rise  to  the  usual 
difficulty  in  diagnosis,  and  when  the  position  of  the 
pus  is  determined  it  should  be  opened  and  drained. 

Foreign  Body  in  the  Abdomen.  Various  kinds  of 
missiles  may  be  found  lodged  in  the  abdomen  by 
X-ray  examination,  their  presence  having  been 
quite  unsuspected.  Rifle  bullets  may  be  sometimes 
left  at  rest  if  lodged  in  remote  regions  and  causing  no 
immediate  harm.  If  they  are  within  reach  of  an 
easy  and  safe  operation  they  are  better  removed. 

When,  however,  fragments  of  shell  and  shrapnel 
are  found,  any  methods  of  screening  and  localization 
should  be  used  to  determine  their  exact  position. 
,Such  a  fragment  should  be  removed  even  when 
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causing  very  few  symptoms.  At  operation  the 
fragment  is  usually  found  lying  in  an  abscess  cavity 
and  if  left  alone  the  patient  is  in  danger  of  bursting 
of  the  abscess  or  the  suppuration  may  open  a  blood- 
vessel and  severe  haemorrhage  may  result.  The 
following  case  is  instructive  : 

Private  McB ,  age  44,  was  wounded  on  September  27. 

He  arrived  at  the  base  five  days  later  in  good  condition  with 
slight  pyrexia  and  a  wound  about  the  size  of  a  florin  just  above 
the  great  trochanter  of  the  left  femur.  There  was  a  small 
amount  of  discharge  and  the  track  could  not  be  determined. 
He  complained  of  slight  uneasiness  in  the  abdomen  and  was 
rather  constipated.  He  took  food  well  and  did  not  vomit. 
Examination  of  the  abdomen  revealed  nothing  suspicious.  He 
was  examined  by  X-rays  for  a  possible  foreign  body  in  the  hip. 
On  screening  nothing  was  seen  there,  but  a  large  shadow  ap- 
peared low  in  the  left  loin.  A  soap  enema  was  given  as  it  was 
thought  that  this  might  be  a  faecal  mass.  However,  after  a 
copious  motion,  the  shadow  had  not  disappeared.  The  plate 
showed  a  foreign  body,  apparently  about  two  inches  long,  lying 
obliquely  in  front  of  the  spine,  its  lower  and  outer  end  being 
opposite  the  left  sacro-iliac  joint.  The  body  was  apparently 
not  very  opaque  to  X-rays  and  it  was  suggested  that  it  was  a 
piece  of  aluminium. 

Operation.  On  opening  up  the  wound  a  hole  just  admitting 
the  finger  was  found  in  the  iliac  bone  just  below  the  crest.  A 
long  oblique  incision,  similar  to  that  for  extra-peritoneal  suture 
of  the  common  iliac  artery,  was  made  and,  on  stripping  up  the 
peritoneum,  several  loose  fragments  of  bone  were  found  in  a  con- 
siderable collection  of  pus.  The  peritoneum  was  separated  as  far 
back  as  the  sacro-iliac  joint,  but  no  foreign  body  could  be  felt  and 
no  perforation  of  the  peritoneum  found.  This  cavity  was  drained. 
Another  incision  was  then  made  through  the  umbilicus  and 
several  coils  of  bowel  matted  together  were  found  and  brought 
into  the  wound.  From  amongst  these,  lying  in  a  small  abscess 
in  the  mesentery,  a  piece  of  shell  about  the  size  of  a  finger, 
weighing  2|  ounces,  was  extracted.  In  spite  of  much  shock  for 
forty-eight  hours,  treated  by  pituitary  extract  and  saline  in- 
fusion per  rectum,  and  on  two  occasions  into  veins,  and  con- 
siderable sepsis  later,  the  patient  macTe  a  good  recovery. 
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Herniation  of  the  omentum  may  be  seen  at  this 
stage.  The  omentum  will  be  adherent  to  the  wound 
and  the  prolapsed  part  will  be  septic.  Therefore, 
no  attempt  at  replacement  should  be  made.  The 
protruding  part  should  be  ligatured  and  removed. 
Other  injuries  are  likely  to  be  present  in  the  abdo- 
men. 

Non-Operation  Treatment.  When  the  surgeon  has 
decided  against  operation  there  are  still  some  steps 
which  may  influence  the  chances  of  recovery. 

By  putting  the  patient  in  a,  half -sitting  position, 
with  pillows  and  flexing  the  knees,  he  is  often  made 
more  comfortable  and  the  spread  of  peritonitis,  if 
present,  is  directed  downwards.  The  tension  of  the 
abdominal  muscles  is  also  partly  relaxed.  The 
difficulty  of  keeping  the  patient  upon  his  pillow 
support,  from  his  slipping  down  in  bed,  may  be 
met  by  raising  the  foot  of  the  bed  and  tying  a 
pillow  under  the  flexed  thighs  to  the  top  of  the 
bed. 

Morphia  should  be  given  frequently  for  relief  of 
pain.  It  also  helps  in  the  arrest  of  haemorrhage 
and  in  the  lessening  of  shock. 

No  solid  food  should  be  given,  but  water  in 
tablespoonf  al  doses  may  be  given  every  few  minutes 
if  there  is  great  thirst,  even  in  the  presence  of  a  per- 
foration. It  is  rapidly  absorbed  by  the  upper 
alimentary  tract.  Thirst  and  collapse  may  also 
be  met  by  saline  or  glucose  5  per  cent,  enemata 
every  hour.  If,  however,  haemorrhage  is  still  con- 
tinuing in  any  quantity,  harm  results  from  saline 
infusion,  although  small  quantities  of  water  may  still 
be  given  by  the  mouth. 

The  necessity  of  fluid  is  much  greater  than  that 
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of  food  and  there  is  no  real  need  of  food  for  forty- 
eight  hours. 

When  the  wound  is  solely  that  of  a  solid  organ, 
liquid  food  may  be  given  at  once,  and  the  same  may 
be  done  if  the  wound  is  of  the  lower  part  of  the 
bowel. 

The  administration  of  pituitary  extract  is  valuable 
in  cases  of  shock  and  helps  in  the  prevention  of  dis- 
tension of  the  bowel. 

There  is  no  need  to  obtain  an  action  of  the  bowel 
for  five  or  six  days  and  great  harm  may  result  if 
any  attempt  is  made  to  do  so.  Aperients  should 
on  no  account  be  given  in  the  first  instance,  and  the 
administration  of  a  large  enema  is  harmful  as  it 
produces  movements  of  the  bowel  extending  far 
beyond  the  portion  distended  by  the  enema.  A 
glycerine  enema  is  the  best  treatment,  preceded  by 
an  injection  of  pituitary  extract.  If  this  is  not 
successful,  particularly  in  cases  where  the  bowel  is 
distended,  calomel  in  quarter-grain  doses  should  be 
given  every  hour  up  to  five  grains. 

When  food  is  given  the  choice  should  be  carefully 
made  in  bowel  injuries.  Milk  in  any  quantity  is 
difficult  of  digestion,  often  causes  flatulence  and 
makes  bulky  motions.  Benger's  food,  made  with 
water,  meat  juice,  eggs,  soup,  chicken,  essence,  are 
much  more  suitable,  being  almost  entirely  absorbed 
and  causing  less  constipation.  Solid  food  should 
not  be  given  in  any  case  of  perforation  until  the 
lapse  of  at  least  a  week. 

Secondary  hsemorrhage  has  been  seen  from  too 
early  feeding,  especially  in  cases  with  perforation 
of  the  stomach. 


CHAPTER  XIV 
GUNSHOT  WOUNDS  OF  THE  CHEST 

NON-PENETRATING  WOUNDS 

WOUNDS  of  the  chest-wall  which  do  not  penetrate 
the  pleura  may  be  of  any  variety.  If  of  a  simple 
type,  with  small  wounds  of  entrance  and  exit,  the 
initial  symptoms  are  slight  and  cases  have  been  sent 
back  to  duty  from  the  dressing  stations.  Often 
they  give  no  further  trouble,  but  if  suppuration  occur 
in  the  track,  infection  is  very  liable  to  spread  to  the 
pleura  and  empyema  result.  If  there  is  more  ex- 
tensive damage  to  the  chest-wall,  symptoms  are 
definite  and  shock  is  marked.  When  the  wound  is 
situated  over  the  lower  ribs  anteriorly,  even  though 
it  be  of  a  simple  character,  shock  is  considerable  and 
there  is  marked  rigidity  of  the  abdominal  muscles, 
consequently  cases  of  this  kind  are  often  regarded  at 
first  as  being  penetrating  abdominal  wounds.  Even 
in  wounds  of  a  simple  type  the  missile  may  cause 
bruising  of  the  lung  tissue  and  give  the  symptoms  of 
a  penetrating  wound,  including  even  some  hsemop- 
tysis.  If  a  rib  be  fractured,  secondary  pleurisy 
with  effusion  is  not  uncommon  and  may  become 
infected  ;  pneumonia  occurs  more  rarely.  If  several 
ribs  be  fractured  there  may  be  considerable  bruising 
of  the  lung  and  it  may  be  penetrated  by  a  fragment 
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of  bone.  In  these  cases  there  are  usually  consider- 
able secondary  changes  in  the  lung  with  sero- 
fibrinous  pleurisy,  and  pneumothorax,  which  may 
be  localized,  is  not  uncommon. 

Treatment  is  that  of  wounds  of  the  soft  part 
generally.  Should  suppuration  occur  in  the  track, 
the  wound  must  be  freely  opened  up  to  prevent 
spread  of  infection.  Strapping  the  side  relieves 
pain  and  is  of  considerable  benefit  especially  where 
ribs  are  fractured.  An  icebag  may  be  helpful 
where  the  lung  is  involved.  Should  empyema 
develop  drainage  must  be  provided.  If  it  be  neces- 
sary to  "  needle  "  the  chest  it  must  be  done  through 
unbroken  skin  clear  of  the  wound  area,  otherwise 
infection  will  be  carried  in. 

PENETRATING  WOUNDS 

The  severity  of  a  penetrating  wound  of  the  thorax 
depends  upon  the  position  of  the  wound  and  the 
extent  of  the  damage  to  the  chest-wall.  A  missile 
passing  through  the  mediastinum  may  injure  the 
heart  or  the  large  blood-vessels  ;  the  further  from 
the  mediastinum  the  missile  passes  the  smaller  are 
the  vessels  in  its  track,  and  the  less- the  resulting 
haemorrhage  and  secondary  changes.  A  clean  pene- 
tration of  the  chest-wall  takes  very  little  energy  from 
the  missile  and  the  victim  may  hardly  feel  it  ;  more 
extensive  damage  absorbs  more  energy  and  shock  is 
more  severe  while  later  effects  are  also  more  serious. 
The  character  of  the  wound  depends  on  the  nature 
of  the  missile.  Rifle  bullets  and  shrapnel  ball  cause 
the  least  injury,  making  clean  punctured  wounds. 
Fragments  of  shell  cause  extensive  damage  and 
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laceration  and  are  much  more  liable  to  convey  in- 
fection, but  a  fragment  as  large  as  1J  in.  by  |  in*, 
may  cause  a  penetrating  wound  not  distinguishable 
from  that  of  a  rifle  bullet. 

The  initial  symptoms  correspond  with  the  severity 
of  the  lesion.  If  the  heart  or  large  vessels  be 
damaged  death  may  rapidly  ensue,  while  in  the 
slighter  cases  there  may  only  be  a  sensation  of 
pricking,  a  stumble,  and  the  man  goes  on  fighting. 
There  is  an  initial  acute  stage  lasting  a  few  days, 
during  this  shock  passes  off  and  hsemorrhage  is 
arrested.  Subsequently,  the  course  of  the  case 
depends  on  the  nature  of  the  secondary  changes 
which  develop.  Patients  are  detained  at  the  clearing 
hospitals  during  the  initial  period  ;  and  the  following 
account  of  the  conditions  seen  there  is  given  in  the 
Memorandum  on  Treatment  of  July  1915  : 

There  is  generally  much  shock,  but  this  is  not  the  case  in  a 
few  instances.  Breathing  is  usually  very  difficult  and  painful 
and  is  associated  with  a  great  deal  of  spasm  and  severe  choking, 
so  that  the  patient  feels  he  is  going  to  die  for  want  of  breath. 
Blood  is  very  often,  but  not  always,  spat  up,  and  in  a  minority 
of  cases  the  haemoptysis  is  severe.  Even  when  little  or  no 
blood  is  expectorated,  bleeding  commonly  occurs  into  the 
pleura!  cavity  and  the  usual  symptoms  of  internal  haemorrhage 
are  added  to  the  dyspnoea.  The  pulse  is  consequently  often 
very  small  and  rapid  (as  much  as  140)  and  the  respiration 
60  to  80  per  minute.  The  diaphragm  is  fixed,  and  the  abdomen 
may  be  so  hard  as  to  suggest  an  injury  to  the  peritoneum  rather 
than  to  the  lung.  This  may  indeed  be  very  deceptive.  Extensive 
pneumothorax  makes  the  dyspnoea  much  worse,  but  is  not  usually 
present.  The  usual  physical  signs  of  lung  injury  are  weakness 
of  breathing  sounds  with  or  without  rales,  or,  when  the  lung 
is  collapsed,  complete  absence  of  respiratory  murmur  ;  dull- 
ness on  percussion  if  there  is  a  hsemothorax  and  there  may 
be  loss  of  vocal  vibrations..  If  there  is  much  pneumothorax 
there  is  a  boxy  hyper  resonance  and  usually  considerable 
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displacement    of   the  heart.      The    bell    sound    can    also    be 
elicited. 

Surgical  emphysema  occurs  in  a  minority  of  cases  and  is 
generally  limited  to  the  chest  wall  in  the  neighbourhood  of  the 
wound.  It  may,  however,  spread  to  the  neck,  face,  and  trunk, 
and  cause  great  and  general  swelling  ;  but  it  is  never  in  any 
way  dangerous  to  life,  does  not  cause  dyspnoea,  and  may 
consequently  be  neglected. 

The  general  treatment  of  all  cases  during  the 
initial  stage  is  the  same.  Absolute  rest  is  impera- 
tive, either  in  the  recumbent  or  slightly  propped-up 
position,  whichever  is  the  more  comfortable.  The 
skin  about  the  wound  is  sterilized  and  a  dressing 
applied,  the  clothing  being  cut  away  in  bad  cases  to 
avoid  movement.  Morphia  hypodermically  relieves 
the  distress  and  dyspnoea  which  may  be  present. 
Nourishment  must  be  liquid  and  given  in  small 
quantities  and  frequently.  Conditions  requiring 
special  treatment  are  described  in  detail  subse- 
quently. At  the  end  of  a  week  at  the  latest,  the 
acute  stage  having  passed  and  there  being  then  little 
risk  of  causing  a  recurrence  of  haemorrhage,  patients 
are  transferred  to  the  base  where  complications  can 
be  dealt  with  better. 


CLASSIFICATION 

The  wounds  may  be  classified  as  closed  or  open. 
In  closed  wounds  the  track  through  the  chest-wall 
seals  itself  and  communication  between  the  pleural 
cavity  and  outside  air  does  not  take  place  through  it. 
There  are  two  types,  and  these  occur  in  about  equal 
proportions  ;  in  the  one  there  is  no  primary  effusion 
(hsemothorax  or  pneumothorax  or  both),  and  in  the 
other  there  is.  In  open  wounds  the  track  through 


PLATE  22.  EMPYEMA  OF  THE  RIGHT  SIDE  AFTER  OPERATION.  The 
drainage  tube  was  in  place,  but  is  not  reproduced.  The  dark  triangular 
shadow  internal  to  the  empyema  is  due  to  extensive  cavitation  of  the 
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the  chest-wall  remains  patent  and  provides  a  more 
or  less  free  communication  with  the  outside  air 
through  which  blood  may  escape  and  air  pass  in 
and  out. 

CLOSED  WOUNDS  WITHOUT  EFFUSION 

The  wound  in  the  lung  is  surrounded  by  an  area 
of  necrosis  which  extends  along  the  track  of  the 
missile.     As  a  result  of  the  damage  to  vessels  and 
air-passages  the  lung  tissue  peripheral  to  the  wound 
is  considerably  affected.     Haemothorax  or  pneumo- 
thorax,  however,  if  taking  place  immediately  and  if 
sufficiently  large  will  minimize  this  by  compressing 
the  lung.     In  the  absence  of  effusion  the  changes 
develop  fully,  the  part  affected  becoming  first  par- 
tially collapsed,  and  then  consolidated.     The  con- 
dition is  primarily  mechanical,  but  the  microbic 
flora  of  the  air-passages  play  a  part  and  in  some 
cases  cause  an  extension  of  the  consolidation.     As 
a  result  of  the  pulmonary  condition  and  co-extensive 
with  it  a  secondary  pleurisy  develops.     There  is  a 
little  hsemorrhagic  effusion  in  which  clotting  occurs, 
resulting  in  a  fibrinous  layer  containing  in  some 
cases  little  pockets  of  blood-stained  serum.     This 
has  a  conservative  action  in  that  it  helps  to  seal  off 
the  wounds.     The  site  of  the  wound  has  an  impor- 
tant relation  to  the  extent  of  these  changes,  the 
nearer   the   root   of   the   lung  the   larger   are   the 
vessels  and  air-passages  damaged,  and  the  greater  is 
the  area  of  lung -tissue  consequently  affected.     Thus, 
in  wounds  above  the  level  of  the  fourth  costal  carti- 
lage, the  effects  tefld  to  be  localized,  while  below  that 
level  the  whole  of  the  lower  lobe  is  commonly  in- 
volved.    If  the  damage  has  been  sufficiently  great, 
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secondary  necrosis  of  a  portion  of  lung  may  result 
with  subsequent  cavity  formation  which  resembles 
bronchiectasis.  At  any  level  if  the  track  in  the  lung 
is  superficial,  the  effects  are  localized  but  the  ten- 
dency to  hsemothorax  is  greater.  Cases  have  been 
observed,  as  in  the  South  African  War,  in  which  a 
wound  that  does  not  penetrate  the  parietal  pleura 
is  followed  by  similar  localized  changes  and  even 
by  empyema  ;  the  cause  evidently  being  superficial 
bruising  of  the  lung. 

Rarely  there  may  be  considerable  lung  changes 
without  the  development  of  secondary  pleurisy.  In 
a  case  seen  ten  days  after  the  injury  the  middle  lobe 
of  the  right  lung  had  become  a  cavity  the  contents 
of  which  were  expectorated  when  the  patient  was 
turned  on  his  left  side.  On  the  twelfth  day  pleural 
friction  sounds  were  present,  and  on  the  fourteenth 
day  an  empyema  had  formed  which  gave  in  pure  cul- 
ture an  organism  pronounced  to  be  a  streptothrix. 

Symptoms.  The  severity  of  the  case  depends  on 
the  extent  of  the  consolidation.  Typically  the  face 
is  slightly  flushed,  respiration  is  shallow  and  its 
rate  is  increased  to  from  twenty-five  to  thirty  per 
minute,  and  the  pulse-rate  is  increased  to  about  one 
hundred  per  minute.  After  the  first  or  second  day 
there  is  a  moderate  pyrexia  (100°-101°  F.).  At 
first  it  is  continuous,  resembling  that  of  a  pneumonia, 
and  in  the  slighter  cases  becoming  normal  after  a 
week  or  ten  days,  but  where  extensive  consolidation 
is  being  absorbed,  or  where  cavity  formation  occurs, 
it  becomes  intermittent  with  an  evening  rise  of  two 
or  three  degrees.  There  is  frequent  cough  with  pro- 
fuse purulent  sputum  which  may  be  mixed  with 
blood,  and  pain  in  the  affected  side  is  present  on 
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coughing.  On  inspection,  movement  of  the  side  is 
much  impaired,  there  being  some  muscular  spasm 
which  may  at  first  involve  the  abdominal  muscles 
and  if  considerable  may  suggest  an  abdominal 
injury.  On  percussion  there  is  marked  impairment 
of  resonance  over  the  affected  area,  on  auscultation 
the  breath  sounds  are  faint,  distant,  and  bronchial 
in  type,  and  vocal  resonance  is  diminished.  ^Ego- 
phony,  if  present,  is  found  only  in  small  isolated 
patches  and  if  an  attempt  be  made  to  aspirate  below 
one  of  these  only  about  one  ounce  of  blood-stained 
serum  is  obtained. 

The  duration  varies  from  ten  days,  or  a  fortnight 
in  the  slighter  cases,  to  four  or  five  weeks  in  the  more 
severe.  As  the  consolidation  clears  up  the  cough 
becomes  less,  the  sputum  diminishes  and  blood  if  it 
has  been  present  disappears  from  it.  The  evening 
temperature  and  the  pulse-rate  become  normal  bub 
some  increase  in  the  rate  of  respiration  may  persist. 
When  slight  the  pleurisy  also  clears  up  completely, 
more  commonly  some  thickening  and  adhesions 
remain.  If  there  has  been  much  necrosis  of  lung- 
tissue,  the  signs  of  cavity  formation  become  obvious 
as  resolution  and  absorption  progress. 

Treatment  of  cases  of  this  type  is  largely  expectant. 
Creosote  should  be  given  by  the  mouth  and  also,  if 
the  sputum  be  foetid,  by  inhalation.  If  there  is  a 
predominant  organism,  a  vaccine  might  be  tried  with 
advantage.  Watch  must  be  kept  for  signs  of 
empyema.  When  the  temperature  becomes  normal 
the  patient  may  be  allowed  up.  In  a  case  of 
cavity  formation  without  fibrinous  pleurisy  such 
as  the  one  described,  it  would  be  theoretically 
good  treatment  to  cut  down,  stitch  the  two 
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layers  of  pleura  together  and  open  the  cavity  and 
drain  it. 

CLOSED  WOUNDS  WITH  EFFUSION 

Hsemothorax  has  been  found  postmortem  to  be 
practically  always  due  to  haemorrhage  from  the 
lungs  and  not  from  the  chest-wall ;  it  may  be  slight 
in  amount  or  may  completely  fill  the  pleural  cavity. 
Depending  on  its  size  it  compresses  a  corresponding 
volume  of  lung  in  which  the  circulation  is  conse- 
quently reduced  to  a  minimum  and  thus  the  haemor- 
rhage is  diminished  and  eventually  arrested,  the 
arrest  being  complete  by  the  fourth  or  fifth  day  at 
the  latest.  Further,  if  the  effusion  is  rapid  in  forma- 
tion the  compression  of  the  lung  prevents  tlje  occur- 
rence of  consolidation  and  its  sequelae  ;  if  the  forma- 
tion is  gradual  some  consolidation,  most  complete 
in  the  parts  last  compressed,  has  time  to  develop. 

After  a  few  days  some  amount  of  clotting  occurs 
in  the  effusion  ;  on  the  pleural  surfaces  it  is  most 
complete  and  results  in  the  formation  of  a  fibrinous 
layer.  Where  the  blood  is  in  a  thin  layer,  as  about 
the  costo diaphragmatic  reflection  and  posteriorly 
behind  the  collapsed  lung,  it  all  becomes  fibrinous. 
In  the  rest  of  the  effusion  clotting  is  not  complete 
and  the  fluid  aspirated  resembles  unaltered  blood, 
but  on  standing  blood-cells  and  a  fine  clot  are  de- 
posited leaving  a  yellow  or  brownish  serum.  If 
aspiration  be  delayed  until  the  third  or  fourth  week 
sedimentation  may  take  place  intrapleurally  and  the 
fluid  then  withdrawn  is  similar  to  this  serum. 

Symptoms.  Primarily  the  symptoms  vary  with 
the  size  of  the  effusion  and  the  rapidity  of  its 
formation.  Thus  there  may  be  all  the  symptoms  of 
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severe  internal  haemorrhage  with  collapse  and  pos- 
sibly death,  or  as  in  some  cases  a  patient  may  resume 
fighting  or  walk  a  couple  of  miles  to  a  dressing 
station.  When  seen  at  the  base  the  patients  are 
usually  fairly  comfortable  ;  the  rate  of  respiration 
is  increased  moderately  and  there  is  also  an  in- 
crease of  the  pulse-rate.  Usually  the  temperature 
is  raised  and  for  a  day  or  two  the  pyrexia  may  be 
continuous  but  soon  it  becomes  intermittent. 
There  is  usually  an  entire  absence  of  cough  and. 
sputum.  If  there  is  any  it  is  slight  and  due  to 


FIG.  41.     Temperature  chart  of  a  case  of  uncomplicated 
haemothorax  from  the  first  day.     The  effusion  was  left-sided 
and  moderately  large,  reaching  the  fourth  rib  in  the  mid- 
axillary  line. 

bronchitis,  or  possibly,  in  some  cases  where  the 
effusion  is  small,  to  pneumonic  changes  in  the  un- 
compressed lung.  On  examination  there  is  absence 
of  movement  of  the  affected  side  and  the  heart  is 
displaced  to  an  extent  depending  on  the  size  of  the 
effusion  ;  over  the  fluid  there  is  absence  of  tactile 
f  remit  us  and  on  percussion  absolute  dulness,  the 
sensation  conveyed  to  the  pleximeter  finger  being 
one  of  firm  resistance.  On  auscultation  there  may 
be  entire  absence  of  breath  sounds  and  vocal  reso- 
nance with  well-marked  segophony  at  the  upper 
border  ;  or  the  breathing  may  be  loud  and  bronchial 
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in  type,  clear,  metallic  and  almost  amphoric  in 
quality,  and  without  added  sounds.  With  the 
latter  there  is  increased  vocal  resonance  and  pec- 
toriloquy  but  aegophony  is  not  usually  to  be  de- 
tected. It  is  generally  accepted  that  the  variations 
in  the  auscultatory  signs  depend  on  the  state  of  the 
compressed  lung  ;  the  same  variations  are  found  in 
civil  practice  among  non-traumatic  cases. 

The  course  tends  to  be  prolonged,  the  absorption 
of  the  effused  blood  being  slow  and  extending  over 
several  weeks,  while  infection  may  develop  at  any 
time  during  this  period.  The  ultimate  result  de- 
pends on  the  amount  of  damage  to  the  lung  and  the 
extent  of  the  pleural  adhesions.  The  pyrexia, 
which  is  usually  present,  is  commonly  attributed 
to  absorption  of  altered  blood.  Another  possible 
cause  is  the  presence  of  some  consolidation  of  the 
lung,  but  a  considerable  hsemothorax  and  some 
consolidation  may  be  present  together  and  the 
temperature  remain  normal  throughout.  The  fluid 
may  not  be  sterile  on  culture  and  it  may  be  that  the 
pyrexia  is  due  to  this  infection  though  other  symp- 
toms do  not  develop.  The  fact  that  there  may  be 
a  fall  in  temperature,  after  partial  aspiration,  is  not 
against  this. 

Treatment.  The  mechanical  effects  of  the  effu- 
sion in  arresting  haemorrhage,  preventing  consoli- 
dation, and  putting  a  part  at  least  of  the  lung  at 
rest,  are  beneficial.  Its  disadvantages  are  that  it 
absorbs  very  slowly,  provides  a  culture  medium  for 
organisms,  and  the  clotting  on  the  pleural  surfaces 
results  in  the  formation  of  adhesions.  There  are 
two  methods  of  treatment  :  by  aspiration  and  by 
replacement,  aspiration  being  that  commonly  em- 
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ployed.  Its  use  must  be  deferred  until  after  the 
tenth  or  twelfth  day  as  there  is  then  little  danger  of 
a  recurrence  of  haemorrhage.  A  sudden  diminution 
of  intrapleural  pressure,  however,  causes  distress  and 
coughing  and  even  at  this  time  bleeding  might 
result,  consequently  the  fluid  must  be  withdrawn 
very  slowly  and  the  quantity  removed  at  one  opera- 
tion must  not  be  great.  As  a  rule  ten  ounces  should 
not  be  exceeded,  but  this  amount  may  be  withdrawn 
every  other  day  until  the  removal  is  complete. 
Should  coughing  occur  the  operation  must  at  once  be 
stopped  for  that  day.  By  this  method  any  effusion 
can  be  dealt  with,  but  owing  to  the  late  date  at 
which  it  is  employed  the  tendency  to  the  formation  of 
adhesions  is  not  checked,  also  if  the  amount  is  large 
a  number  of  operations  is  required.  To  avoid  the 
latter  disadvantage  replacement  has  occasionally 
been  done  and  a,ll  the  fluid  removed  at  one  sitting. 
It  ought  to  be  more  extensively  employed  as  by  its 
use  the  effusion  could  probably  be  removed  safely 
at  a  much  earlier  date.  For  either  operation  a 
trochar  and  cannula  with  an  obturator  should  be 
used  and  a  local  ansesthetic  injected,  as  described 
under  replacement.  The  puncture  should  avoid 
the  situations  where  fibrinous  clot  may  completely 
fill  the  intrapleural  space ;  otherwise  fluid  may 
not  be  obtained,  or  only  in  small  quantity  and  with 
difficulty,  as  it  has  to  make  its  way  through  the  inter- 
vening meshwork  of  clot.  The  mid-axillary  line  in 
the  eighth  interspace  is  the  best  site.  The  follow- 
ing are  the  special  difficulties  with  hsemothorax. 
If  the  flow  is  free  but  stops  suddenly  the  cannula 
may  be  obstructed  with  clot.  Pass  the  obturator 
and  the  flow  continues.  If  the  flow  is  slow  from 

21 
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the  first,  becomes  slower,  gradually  tends  to  stop, 
and  is  not  improved  by  passing  the  obturator,  the 
end  of  the  cannula  is  amongst  fibrinous  clot.  Push 
the  cannula  a  little  further  in  ;  if  there  is  no  im- 
provement, make  a  fresh  puncture  one  or  two  spaces 
higher,  If  still  without  improvement  most  prob- 
ably there  has  been  an  error  in  diagnosis  and  the 
condition  is  one  of  consolidation  of  lung  with 
fibrinous  pleurisy.  If  an  ounce  or  two  only  of 
fluid  is  obtained  freely  and  the  flow  then  stops  and 
does  not  return  after  passing  the  obturator,  it  is 
probable  that  a  pocket  in  a  fibrinous  pleurisy  has 
been  tapped. 

Pneumothorax.  Complete  pneumothorax  is  not 
commonly  seen  at  base  hospitals.  It  may  be 
directly  due  to  the  wound  in  the  lung  or  follow 
some  operative  interference,  such  as  the  removal  of 
a  missile  which  has  penetrated  the  chest-wall. 
As  when  due  to  disease  it  is  a  severe  and  sometimes 
fatal  condition.  The  opening  in  the  lung  acts  as 
a  valve  so  that,  up  to  a  point,  the  amount  of  effused 
air  is  increased  with  each  respiration,  the  lung  being 
compressed  and  the  heart  speedily  much  displaced. 
Distress  is  extreme,  there  is  a  feeling  of  suffoca- 
tion, and  pain  is  severe.  Some  pyrexia,  which 
varies  in  type,  is  present,  the  respirations  are  quick 
and  shallow  and  the  pulse  small,  rapid,  and  often 
irregular.  On  examination,  the  side  is  seen  to  be 
fixed  and  distended  ;  on  percussion,  a  tympanitic 
note  is  obtained  ;  on  auscultation,  breath  sounds 
may  be  absent,  or,  if  present,  are  amphoric,  vocal 
resonance  is  amphoric,  and  the  bell  sound  is  present 
on  aoin  percussion.  For  a  few  days  the  patient's 
condition  is  critical,  then  the  heart  begins  to  accom- 
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modate  itself  to  the  changed  conditions  and  a 
gradual  improvement  sets  in.  The  possibility  of 
infection  of  the  pleura  is  considerable,  especially 
when  the  pneumothorax  follows  an  operation  for 
the  removal  of  a  missile. 

Treatment  must  be  directed  at  first  to  tiding  over 
the  critical  period.  The  patient  should  be  kept 
absolutely  at  rest  in  the  position  of  most  ease ;  for 
the  pain  and  distress  morphia  should  be  given  and 
repeated  as  required.  Inhalations  of  oxygen  give 
temporary  relief  and  may  be  given  for  a  few  minutes 
every  half- hour  or  so.  It  has  been  recommended  not 
to  attempt  to  relieve  pressure  by  inserting  a  needle, 
on  the  ground  that  the  air  soon  reaccumulates.  This 
is  not  a  contraindication,  and  when  the  circulation  is 
much  impeded  the  pressure  should  certainly  be 
reduced  in  this  way,  the  operation  being  repeated  as 
required.  Though  the  pressure  soon  rises  again 
the  temporary  relief  is  of  the  utmost  benefit,  giving 
the  embarrassed  heart  a  respite  and  allowing  of  a 
more  gradual  accommodation  to  the  new  conditions. 
When  the  acute  stage  has  passed,  rest  must  be  main- 
tained for  at  least  a  fortnight.  During  this  time 
the  air  leak  may  heal  when  the  lung  will  re-expand. 
There  is  now  no  object  in  aspirating  the  air  for  it 
absorbs  rapidly.  If  it  does  not,  either  the  leak  has 
not  healed  or  adhesions  have  formed  ;  if  the  former, 
aspiration  is  useless,  while  the  latter  can  be  safely 
treated  by  respiratory  exercises.  Fluid  effusion 
occurs  frequently.  When  slight  it  should  be  left 
alone,  when  considerable  it  should  not  be  aspirated 
but  should  be  replaced.  If  it  becomes  infected 
drainage  must  be  provided. 

Partial  Pneumothorax  is  common.     Early  in  the 
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course  of  a  case,  otherwise  without  pneumothorax, 
there  is  often  to  be  found  a  small  localized  col- 
lection of  air,  limited  most  probably  by  slight 
adhesion  due  to  plastic  lymph.  It  has  no  signifi- 
cance and  is  speedily  absorbed.  In  acute  pneumo- 
thorax the  presence  of  old  adhesions  might  prevent 
the  collapse  of  part  of  the  lung  but  this  would  not 
affect  treatment.  When  consolidation  with  fibrinous 
pleurisy  is  present,  pneumothorax  with  complete 
collapse  of  the  unconsolidated  lung  has  been  found. 
The  condition  is  rare.  In  the  cases  seen,  pressure 
symptoms  have  been  absent,  but  should  they  occur 
treatment  as  for  the  acute  condition  would  be 
required.  Not  so  infrequently  there  is  a  limited 
effusion  of  air  over  the  consolidated  area,  the  limita- 
tion being  due  to  the  condition  of  the  pleura.  This 
is  often  under  considerable  pressure,  causing  acute 
symptoms  by  displacing  the  heart ;  empyema  follows. 
Pneumohsemothorax  is  not  very  uncommon  and 
if  occurring  primarily  has  no *  special  significance. 
In  many  cases  the  leak  is  sealed  early,  excessive 
pressure  does  not  occur,  and  the  air  is  rapidly  ab- 
sorbed ;  in  others  the  condition  persists.  The  signs 
are  those  of  fluid  in  the  lower  part  of  the  chest  with 
air  above.  Should  pressure  be  excessive  it  must  be 
dealt  with  as  already  described,  otherwise  the  treat- 
ment should  be  as  for  large  haemothorax  by  replace- 
ment of  the  effused  blood  at  a  safe  date.  Aspiration 
of  the  air  is  not  good  practice.  Infection  of  a  hsemo- 
thorax  by  gas-forming  organisms  causes  the  rapid 
appearance  of  pneumothorax  or  increase  in  one 
already  present.  This  may  develop  at  any  time 
in  the  course  of  a  case  and  causes  acute  symptoms. 
It  is  considered  under  empyema. 
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PLATE  23  :  mifi- 

BULLET  WOUND  OF  CHEST  CAUSING  PARTIAL  PNEUMO- 
THORAX  WITH  COLLAPSE  OF  THE  LOWER  LOBE  AND 
CONSOLIDATION  OF  THE  UNCOLLAPSED  PORTION  OF  THE 

LUNG 

Private   11 wounded   October   13,    1915,    admitted    on    the   loth. 

Wound  of  entrance  below  inner  end  of  right  clavicle,  half  an  inch  from 
lateral  sternal  line  ;  wound  of  exit  at  lower  margin- of  tenth  rib,  two 
inches  to  right  of  dorsal  spines.  No  pain.  Much  cough  with  purulent 
sputum  mixed  with  blood.  Surgical  emphysema  was  present  over 
right  side  of  chest  but  did  not  extend  to  the  neck  r  side. 

On  the  right  'side,  on  percussion,  the  note  was'tympanitio  ;  on  uasculta- 
tioii  the  breath  sounds  were  very  faint  -and;  vesicular,  and  the  vocal 
resonance  was  normal ;  the  apex  bea,t  $W}jg  ^RBi^  niPPle  line- 
The  X-ray  was  taken  on  October  20,  and  shows  partial  pneumothorax 
with  collapse  of  the  lower  lobe  and  consolidation  of  the  nncollapsed 
portion  of  lung.  The  surgical  emphysema  is  seen  a,s  the  subcutaneous 
clear  band  on  the  right  of  the  plate.  The  case  illustrates  the  effect 
of  surgical  emphysema  in  masking  the  physical  signs. 
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It  is  considered  under  empyema. 


PLATE  23.     BULLET  WOUND  OF  CHEST.     Causing  partial  pneumothorax 

with  collapse  of  the  lower  lobe  and  consolidation  of  the  uncol lapsed 

portion  of  the  lung. 
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DIFFERENTIAL  DIAGNOSIS 

The  physical  signs  found  in  the  different  condi- 
tions are  given  in  tabular  form.  The  main  difficulty 
is  with  hsemothorax  but  when  it  is  realized  that  the 
second  group  of  signs  are  as  characteristic  of  fluid 
effusion  as  the  first,  the  difficulty  disappears.  With 
pneumothorax,  when  the  effused  air  is  not  localized 
and  is  small  in  amount,  the  signs  are  not  very  definite, 
and  several  examinations  may  be  required  before 
certainty  is  reached.  X-ray  examination  is  of  the 
greatest  use  but  patients  are  often  so  ill  that  the 
necessary  movement  is  not  permissible.  It  should 
not  be  necessary  to  needle  the  chest  merely  to  decide 
the  presence  or  absence  of  fluid. 

OPEN  WOUNDS 

Open  Wounds  are  usually  caused  by  fragments  of 
shell.  There  may  be  extensive  damage  to  the 
chest-wall  with  a  large  opening  but  all  varieties  are 
seen,  and  in  some  cases  an  apparently  punctured 
wound  remains  patent.  When  the  wound  is  large, 
there  is  free  drainage  and  free  entrance  of  air  with 
consequent  collapse  of  the  lung.  When  small  the 
drainage  is  bad,  there  is  not  free  entrance  of  air,  and 
collapse  of  the  lung  is  slight  or  absent.  The  first 
type  of  case  is  more  favourable,  the  collapse  of  the 
lung  minimising  danger  from  that  quarter,  and  the 
free  drainage  ameliorating  infection  from  without. 
In  the  second  type  the  patent  wound  and  uncol- 
lapsed  lung  provide  two  sources  of  infection  which 
the  absence  of  drainage  encourages.  Treatment 
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consists  in  combating  shock,  sterilizing  the  skin, 
and  applying  a  dressing  which  is  renewed  as  re- 
quired. When  drainage  is  not  free,  careful  watch 
must  be  kept  for  signs  of  infection.  If  they  appear 
the  wound  should  be  freely  opened  up,  portions  of 
one  or  two  ribs  being  excised  and,  unless  it  is 
situated  low  in  the  thorax,  another  opening  made 
to  ensure  complete  drainage. 

Hernia  of  the  lung  occurs  occasionally.  In  a 
case  in  which  it  was  seen,  no  attempt  was  made  to 
return  it.  It  was  kept  covered  with  a  sterile  dressing 
with  satisfactory  results.  Open  wounds,  with  lacera- 
tion of  the  lung,  are  not  seen'at  the  base. 

COMPLICATIONS 

Pleural  infection  is  the  commonest  complication. 
Surgical  emphysema,  bronchitis,  acute  pneumonia, 
pleurisy  of  the  unwounded  side,  and  pericarditis  are 
not  infrequent.  There  is  often  concurrent  injury 
to  other  organs  and  in  a  fair  number  of  cases  the 
missile  is  retained  in  the  thorax. 

Empyema.  Organisms  are  probably  always  in- 
troduced from  without  with  the  missile,  fragments  of 
shrapnel  being  most  likely  to  be  heavily  infected.  If 
the  wound  is  closed,  further  introduction  in  this  way 
does  not  occur,  and  in  many  cases  the  tissues  are 
able  to  deal  with  the  initial  dose  and  symptoms  do 
not  develop.  If  the  wound  is  open,  and  further  in- 
fection occurs  through  it,  empyema  speedily  follows. 
The  organisms  normally  present  in  the  air-passages 
are  also  a  possible  source  of  infection,  though  there 
seems  some  ground  for  the  view  that  they  do  not 
often  act  in  this  way.  Symptoms  may  develop 
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within  the  first  week  or  they  may  not  appear  until 
later,  sometimes  not  until  the  end  of  the  third  or 
fourth  week.  There  may  be  a  rigor  though  the 
temperature  often  gives  no  indication  of  the  con- 
dition, the  pulse  and  respirations  are  quickened, 
sometimes  considerably.  In  ca-ses  with  consolida- 
tion and  pleurisy  adhesions  may  localize  the  con- 
dition. As  already  noted  the  first  indication  may 
be  the  development  of  localized  pneumothorax  or 


FIG.  42.  Wound  over  upper  anterior  part  right  deltoid, 
no  wound  of  exit.  X-ray  failed  to  discover  missile.  Seen 
on  eighteenth  day  after  injury.  Dulness  as  shading  with 
faint  bronchial  breathing,  diminished  vocal  resonance,  and 
tactile  fremitus.  Over  stippled  area  note  tympanitic, 
amphoric  resonance  and  bell  sound  present.  Apex  beat 
one  inch  outside  mammary  line.  Needle  internal  to  angle 
of  scapula  withdrew  a  little  blood-stained  serum.  Five 
days  later  a  rigor  occurred ;  needle  withdrew  pus.  A  rib  was 
resected,  and  subsequent  progress  was  good. 

there  may  be  fluid  formation  without  gas.  Pressure 
symptoms  may  be  acute.  On  examination,  localized 
pneumothorax  is  easily  detected.  Fluid  alone 
presents  difficulty  as  the  percussion  note  is  already 
dull  but  the  change  of  sensation  conveyed  to  the 
pleximeter  finger  is  characteristic  and  the  exploring 
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syringe  gives  certainty.  The  fluid  should  be  bacte- 
riologically  examined.  In  cases  with  hcemothorax 
the  fluid  increases  and  gas  may  be  formed  or,  if 
already  present,  be  increased  in  amount.  If  the 
infection  is  acute,  pressure  symptoms  will  occur. 
These  are  specially  marked  when  the  condition 
develops  during  the  first  week  after  the  wound,  and 
may  then  be  attributed  to  the  continuance  or  recur- 
rence of  haemorrhage  or  of  a  leakage  of  air.  A 
correct  diagnosis  is  imperative.  According  to  the 
Manual  of  Treatment  (July  1915)  unrecognized 
empyema  is  the  usual  cause  of  death  in  the  base 
hospitals  in  cases  of  lung  wound.  When  symptoms 
occur,  a  specimen  of  fluid  should  be  withdrawn 
and,  if  it  is  offensive  in  odour  or  definitely  purulent, 
the  diagnosis  is  complete.  If  not  definite,  the 
specimen  must  be  examined  bacteriologically. 

Treatment.  Aspiration  may  first  be  tried,  but  if 
marked  improvement  is  not  shown  it  is  a  waste  of 
time  to  persevere  with  it.  In  deciding  as  to  its  value, 
it  must  be  remembered  that  in  some  cases  an  effu- 
sion which  does  noir  become  infected  clinically  may 
give  an  organismal  growth  on  cultivation.  It  may 
be  usefully  employed  to  reduce  the  amount  of  the 
effusion  before  operating.  In  many  of  these  cases 
a  general  anaesthetic  is  not  desirable,  local  anaesthesia, 
however,  gives  excellent  results.  The  rib  chosen 
should  not  be  too  low  or  the  relaxed  diaphragm  may 
interfere  with  drainage.  As  regards  the  operation, 
Major  Hull  states  "  that  a  rib  is  easily  and  smoothly 
cut  without  splintering  if  the  cut  is  made  in  its 
longer  transverse  axis,  i.e.  from  edge  to  edge.  A 
powerful  pan:  of  ordinary  bone  forceps  with  blunt 
points  are  employed  ;  they  are  held  at  right  angles 
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to  the  rib  and  the  jaws  made  to  grasp  the  superior 
and  inferior  margins.  The  blunt  points  will  push  the 
parietal  pleura  away  from  the  forceps  and  there  is 
no  danger  of  injuring  it  if  the  rib  be  properly  cleared 
before  applying  them.  Any  instrument  which  has 
to  be  passed  beneath  the  rib,  e.g.  shears,  is  to  be 
avoided  ;  it  will  cause  undue  laceration  of  tissues. 
This  also  applies  to  attempts  to  cut  the  bone  on  the 
flat,  i.e.  in  its  shorter  transverse  axis,  with  bone 
forceps."  The  opening  should  admit  a  f  inch 
tube.  Drainage  is  best  maintained  by  connect- 
ing the  tube  to  one  sufficiently  long  to  pass  into  a 
basin  containing  a  solution  of  mild  antiseptic  placed 
beside  the  bed.  Coughing  forces  some  of  the  air  out 
of  the  tube  and  its  place  is  taken  by  some  of  the 
solution.  Continuous  suction  is  thus  obtained  which 
can  be  increased  or  diminished  by  lowering  or  raising 
the  basin.  In  many  of  these  cases  the  infectkm  is 
not  limited  by  adhesions  and  pocketing  interferes 
with  subsequent  progress,  the  large  opening  then 
allows  of  the  introduction  of  a  finger  and  free 
exploration.  When  the  condition  is  due  to  the 
infection  of  a  hsemothorax  no  attempt  should  be 
made  at  the  operation  to  remove  the  fibrinous  clot 
as  fresh  channels  of  infection  might  be  opened. 
After  a  few  days,  careful  syringing  with  a  weak 
solution  of  peroxide  of  hydrogen  should  be  com- 
menced and  this  will  gradually  bring  it  away.  If 
the  clot  is  not  thus  removed  it  forms  a  breeding- 
ground  for  organisms  and  death  from  pyaemia  may 
result. 

Surgical  Emphysema  may  be  extensive  but  is  not 
dangerous  ;  it  disappears  gradually  no  treatment 
being  required.  Over  the  thorax  it  masks  the 
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physical  signs  giving  a  tympanitic  percussion  note 
and  causing  the  breath  sounds  and  vocal  resonance 
to  be  very  faint  and  distant.  It  is  sometimes 
possible  by  careful  examination  to  detect  gross 
changes  in  spite  of  its  presence. 

Acute  Bronchitis  is  frequent  especially  during 
the  first  week  and  is  sometimes  very  severe.  In 
the  slighter  cases  a  stimulant  expectorant  mixture  is 
all  that  is  required.  The  more  severe  may  require 


FIG.  43.  Wound  between  fourth  and  fifth  ribs  at  vertebral 
border  of  scapula.  On  sixth  day  X-ray  showed  faint  shadow 
of  F.B.  opposite  body  of  seventh  dorsal  vertebra  apparently 
in  mediastinum ;  area  of  dense  shadow  corresponding  to 
shaded  area  on  right  side  ;  pneumothorax  complete  above 
shadow,  partial  below.  On  thirteenth  day  left  side  chest 
almost  full  of  fluid  ;  see  diagram,  where  stippling  indicates 
tympanitic  note.  Aspirated  two  pints  serous  fluid  from 
left  side ;  repeated  aspirations  on  next  two  days.  On  fif- 
teenth day  fluid  purulent ;  resected  two  inches  of  ninth  rib 
and  drained.  Subsequent  progress  good. 

free  stimulation,  inhalations  of  oxygen,  and  possibly 
the  administration  of  creosote  both  as  a  vapour  and 
by  the  mouth. 

Acute  Pneumonia  is  not  common  but-  is  a  grave 
complication  ;  treatment  must  be  on  general  lines. 
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Pleurisy  on  the  Unwounded  Side  often  occurs. 
When  present,  fracture  of  one  or  more  ribs  on  that 
side  is  frequently  found  on  X-ray  examination. 
This  fracture  is  most  probably  caused  when  the 
patient  fell  on  being  wounded.  The  pleurisy  may 
be  dry  or  with  effusion  but  usually  is  not  severe,  the 
effusion  if  present  being  small  in  quantity.  In  some, 
however,  it  is  so  great  as  almost  completely  to 
collapse  the  unwounded  lung  (see  Fig.  43).  It  is  occa- 


FIG.  44.  Wound  of  entrance  in  seventh  interspace  four 
inches  from  midsternal  line.  X-ray  showed  fragment  of 
shrapnel  in  right  lung  about  centre  of  middle  lobe.  On 
seventh  day  there  was  a  small  hsemothorax  of  right  side  and 
fluid  on  left  side  as  high  as  fifth  rib  anteriorly.  On  tenth  day 
fluid  on  left  side  was  at  level  of  sixth  rib  but  heart  dulness 
greatly  increased,  as  in  diagram.  On  seventeenth  day  fluid 
gone  from  left  side,  heart  dulness  a  little  increased  to  right 
but  otherwise  normal. 

sionally  infected  and  various  organisms,  including 
anaerobes,  have  been  found. 

Treatment.  The  slighter  cases  tend  to  improve 
rapidly  and  all  that  is  required  is  a  little  mild 
counter-irritation.  Effusion,  if  slight,  should  be 
left  alone,  if  great  it  should  be  aspirated,  if  necessary 
several  times.  Even  if  organisms  are  present  this 
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may  be  sufficient  but  should  pus  form  drainage  must 
be  given.  The  condition  of  these  cases  is  bad  but 
they  improve  rapidly  after  operation. 

Pericarditis.  Haemopericardium  or  seropericar- 
dium  may  occur.  A  loud  pericardial  friction  mur- 
mur is  heard  and  the  area  of  cardiac  dulness  may  be 
increased  though  this  is  often  masked  by  the  pul- 
monary condition.  The  cases  seen  have  cleared  up 
spontaneously  (Fig.  44). 

Injury  to  other  Organs.  Concurrent  injury  to 
neighbouring  structures  may  complicate  a  case  and 
may  overshadow  the  lung  condition.  Thus  the 
spinal  cord  may  be  damaged  or  the  abdomen  pene- 
trated. In  spinal  cases  a  laminectomy  may  be  re- 
quired and  unless  the  condition  of  the  lung  is  such 
as  to  render  the  outlook  desperate  it  must  not  be 
regarded  as  a  contraindication.  Laminectomy  can 
be  performed  under  local  anaesthesia  and  subse- 
quent treatment  entails  a  minimum  of  movement. 

The  abdomen  may  be  involved  by  missiles  taking 
an  oblique  course,usually  from  above  downwards  and 
backwards  ;  while  wounds  in  a  horizontal  plane  may 
penetrate  the  pleural  cavity  near  its  lower  margin, 
involve  the  lower  border  of  the  lung  and  pass  into 
the  abdomen.  A  consideration  of  the  organs  present 
in  the  hypochondriac  and  epigastric  regions  will  show 
the  structures  possibly  affected.  The  liver  suffers 
most  frequently,  but  in  many  cases  the  wound  heals 
without  causing  any  special  symptoms.  In  others 
an  abscess  forms.  The  feature  of  the  cases  seen  has 
been  the  slightness  of  the  general  symptoms  and 
the  late  date  at  which  the  condition  became 
obvious  ;  in  one  case  (Case  4)  not  until  thirty-three 
days  after  the  injury.  Symptoms,  as  stated,  are 
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vague,  but,  though  the  pulmonary  condition  appears 
to  be  running  a  normal  course,  the  general  state  of 
the  patient  does  not  correspondingly  improve.  He 
is  ill  though  not  acutely  so,  and  the  rate  of  the 
pulse  and  respirations  remains  a  little  raised.  The 
temperature  is  not  usually  helpful,  the  lung  changes 
fully  accounting  for  its  variations.  Jaundice  may 
not  be  noticeable.  The  physical  signs  present  in 
the  chest  may  mask  any  alteration  in  the  upper  limit 
of  the  liver  dulness,  and  if  not  already  present  the 
occurrence  of  a  pleural  effusion  may  be  due  to  the 
injury  to  the  lung.  The  abscess  may  not  be  recog- 
nized until  pus  is  found.  In  oblique  wounds  in- 
volving the  upper  surface  of  the  liver  this  may  be 
subdiaphragmatic  or  leak  into  the  pleural  cavity. 
In  transverse  wounds  it  may  be  similarly  situated  but 
the  pleura  may  be  shut  off  by  adhesions  and  escape. 
One  case  (wound  of  entrance  anteriorly  three  inches 
from  middle  line  over  right  ninth  rib,  wound  of  exit 
in  posterior  axillary  line  over  right  tenth  rib)  ran 
a  normal  course  for  twenty-two  days  when  there  was 
a  discharge  of  over  a  pint  of  pus  from  the  wound  of 
entrance.  The  pres<  nee  of  gas-forming  organisms 
may  result  in  a  band  of  hyper-resonance  marking 
the  upper  limit  of  the  abscess,  or,  if  leakage  into  the 
pleura  occurs,  in  signs  of  pneumothorax.  Diagnosis 
is  obviously  difficult.  If  the  direction  of  the  wound 
indicates  that  the  liver  may  be  involved,  the  possi- 
bility of  abscess  should  be  kept  in  mind.  Then  if 
progress  seems  to  hang  fire  a  suspicion  may  be 
aroused.  Careful  examination,  including  X-ray, 
may  show  some  suggestive  alteration  in  the  signs. 
When  it  is  reasonally  probable  that  pus  is  present  the 
deep  insertion  of  an  exploring  needle  will  give 


PLATE  24.  BULLET  IN  BIGHT  LUNG.  The  missile  entered  through  the 
right  shoulder  shattering  the  head  of  the  humerus  and  fracturing  the 
third  rib  in  its  course.  There  were  no  pulmonary  symptoms  or  physical 

signs. 
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certainty,  but  this  should  not  be  done  promiscuously. 
In  some  cases  where,  there  is  little  or  no  pulmonary 
change  or  where  pneumothorax  is  present  it  may 
not  be  difficult  to  come  to  a  decision. 

Treatment.  When  diagnosed  the  abscess  must 
be  opened.  Usually  the  transpleural  route  will  be 
best.  The  question  of  attempting  to  fix  the  dia- 
phragm to  the  parietal  pleura  must  be  decided  for 
each  case,  in  many  it  will  be  unnecessary,  the  pleural 
cavity  being  already  infected.  In  some  cases  of 
transverse  wound  it  would  be  best  to  make  the 
opening  at  the  site  of  the  wound.  As  for  empyema 
a  large  tube  and  continuous  drainage  should  be 
employed.  The  subsequent  progress  of  the  cases 
seen  has  been  uniformly  good. 

Retained  Foreign  Bodies.  Any  type  of  missile 
may  be  retained.  The  danger  is  in  proportion  to 
the  infection  carried  in,  consequently  fragments  of 
shell  are  the  most  serious.  If  free  in  the  pleural 
cavity  the  position,  as  seen  by  X-ray  examination, 
will  be  found  to  vary  at  different  dates.  When  this 
is  so  and  any  pulmonary  symptoms  have  subsided, 
the  missile  may  be  removed  with  safety.  If  the 
position  does  not  vary  at  different  dates  it  cannot 
be  certain  that  the  body  is  free  ;  it  may  be  en- 
tangled in  adhesions  or  may  have  partially  pene- 
trated the  visceral  pleura.  No  attempt  should  be 
made  to  remove  it.  To  do  so  may  light  up  general 
infection  of  the  pleural  cavity  often  accompanied 
by  pneumothorax  and  has  resulted  in  death.  Left 
alone  general  infection  of  the  pleura  may  arise,  but 
often  adhesions  form,  and  if  infection  develops  it 
results  in  a  localized  abscess  which  can  be  drained  and 
the  foreign  body  dealt  with  at  the  same  time.  This 
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applies  also  to  a  missile  embedded  in  the  lung. 
If  left  alone  it  may  cause  practically  no  ill  effects, 
and  if  necessary  can  be  removed  later.  A  missile  in 
the  mediastinum  presents  great  difficulty.  The  possi- 
bility that  it  may  be  lodged  in  the  wall  of  one  of  the 
great  vessels  must  be  borne  in  mind,  as  its  removal, 
especially  through  a  small  opening,  may  then  cause 
fatal  haemorrhage. 

REPLACEMENT 

To  prevent  reaccumulation  of  fluid  the  replace- 
ment of  pleural  effusions  by  sterile  air  has  been 
employed  for  some  years.  More  recently  the 
artificial  production  of  pneumothorax  has  been 
used  in  the  treatment  of  pulmonary  phthisis.  The 
pneumothorax  acts  by  collapsing  the  lung  which  is 
thus  given  rest ;  acute  inflammatory  processes  do 
not  occur  and  the  circulation  is  reduced  to  a  mini- 
mum so  that  febrile  symptoms  and  hsemorrhage 
cease.  An  appreciation  of  these  facts  has  an  im- 
portant bearing  upon  the  treatment  of  wounds  of 
the  lung.  In  performing  any  operation  of  this  kind 
it  must  be  remembered  that  the  normal  intrapleural 
pressure  is  negative  and  is  equal  to  seven  centimetres 
of  water.  In  order  to  collapse  the  lung  completely 
enough  gas  must  be  introduced  to  produce  a  positive 
pressure  of  ten  centimetres  or  more.  (This  if  done 
slowly  by  a  suitably  graduated  series  of  operations 
extending  over  several  weeks  causes  no  ill  effects,  but 
if  occurring  suddenly,  as  in  traumatic  cases,  may 
cause  death.)  That  at  zero  pressure,  as  when  there 
is  a  free  opening  between  the  pleural  cavity  and 
the  outside  air,,  the  lung  is  not  completely  collapsed 
but  is  still  a  functioning  organ. 
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For  the  production  of  artificial  pneumothorax, 
various  forms  of  apparatus  have  been  introduced, 
but  for  replacement  the  simplest  arrangement  is 
best.  Nitrogen  gas  is  commonly  used  because  it  is 
absorbed  least  rapidly  but  when  there  is  a  possibility 
of  anaerobic  infection  oxygen  has  obvious  advan- 
tages, in  its  absence  air  should  be  employed.  To 
perform  the  operation  satisfactorily  it  is  necessary 
to  know  :  (1)  the  intrapleural  pressure  ;  (2)  the 
oxygen  pressure  ;  (3)  the  volume  of  oxygen  intro- 
duced ;  and  (4)  the  volume  of  fluid  removed.  To 
measure  the  intrapleural  pressure  a  manometer  is 
required  ;  this  may  be  constructed  of  two  pieces  of 
glass  tubing  about  fifteen  inches  in  length,  mounted 
on  a  board  and  connected  at  their  lower  ends  by  a 
short  length  of  rubber  tubing,  behind  one  of  them 
is  placed  a  paper  scale  graduated  in  half -centimetres  ; 
enough  coloured  water  is  introduced  to  half  fill  the 
tubes.  Variations  in  the  height  of  the  water  are  read 
against  the  scale,  each  half-centimetre  of  variation 
corresponding  to  an  alteration  in  pressure  of  one 
centimetre.  One  limb  of  the  manometer  is  con- 
nected to  a  glass  T-piece,  the  other  branches  of  which 
are  connected  to  the  oxygen  bottle  and  the  chest-tube 
respectively  ;  in  the  latter  it  is  desirable  to  insert  a 
glass  bulb  containing  sterile  cotton  wool.  The 
T-piece  and  the  bulb  may  be  mounted  conveniently 
on  the  manometer  board.  For  the  manipulation  of 
the  oxygen,  two  bottles  are  used,  they  are  provided 
with  well -fitting  corks  and  glass  tubes  arranged  as  in 
the  diagram  ;  enough  water,  or  sublimate  solution,  is 
placed  in  them  to  fill  one  and  to  cover  the  lower  end 
of  the  longer  glass  tube  in  the  other.  A  syphon  can 
then  be  set  up  between  them  and,  by  adjusting  their 
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relative  heights,  the  fluid  transferred  from  one  to 
the  other.  The  one  connected  to  the  T-piece  is  the 
oxygen  bottle  and  should  be  graduated  from  below 
up  in  volumes  of  twenty-five  or  fifty  cubic  centi- 
metres. To  fill  with  oxygen  the  connection  to 
the  T-piece  is  undone  and  the  solution  transferred 
to  the  oxygen  bottle,  which  is  then  connected  to 
a  cylinder  of  oxygen  ;  the  oxygen  is  carefully  turned 
on  and  fills  the  bottle  by  displacing  the  solution, 


FIG.  45.    Diagram  of  apparatus  for  replacement.    B,  oxygen 
bottle ;  C,  manometer  board  supporting  manometer,  T-piece, 
and  bulb  filled  with  absorbent  wool ;   D,  chest  tube  con- 
necting with  needle  or  cannula  ;  E,  clip  on  oxygen  tube. 

enough  of  which  should  be  left  to  cover  the  longer 
glass  tube.  The  clip  on  the  oxygen  tube  is  closed, 
the  tube  disconnected  from  the  cylinder  and  re- 
connected to  the  T-piece.  It  will  be  obvious  that 
the  oxygen  pressure  depends  on  the  difference  in 
the  level  of  the  solution  in  the  two  bottles  and  that 
by  altering  their  relative  positions,  which  can  be 
easily  done  by  placing  books  under  one  or  the  other, 
a  considerable  range  is  obtained.  For  any  position 
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FIG.  46.  Diagram  of  the  writer's  apparatus  as  arranged 
for  use  with  both  cannula  and  needle.  The  clips  on  the 
tubes  are  not  shown  and  the  height  of  the  water  bottle  would 
give  a  greater  oxygen  pressure  than  would  be  used  in 
practice. 
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the  pressure  can  be  read  with  sufficient  accuracy 
by  taking  the  difference  in  the  levels  of  the  solution 
by  a  rod  graduated  in  centimetres  held  vertically 
between .  the  bottles.  The  intrapleural  pressure 
being  known,  the  bottles  are  adjusted  to  give  a 
higher  oxygen  pressure,  so  that  when  the  clip  on  the 
oxygen  tube  is  opened  the  gas  will  be  forced  slowly 
into  the  pleural  cavity,  the  volume  used  being  read  in 
cubic  centimetres  from  the  graduations  in  the  bottle. 
To  remove  the  fluid  from  the  chest  a  syphon  is 
theoretically  best  but  an  aspirator  bottle  is  easier 
to  manipulate  and,  provided  the  vacuum  is  not  too 
high,  and  the  stopcock  is  opened  gradually,  has 
no  disadvantages  in  practice.  This  bottle  should 
be  graduated. 

The  replacement  may  be  done  either  with  a  trochar 
and  cannula  alone  or  with  a  needle  in  addition.  If 
the  former,  one  limb  of  a  glass  Y-piece  is  connected 
to  the  cannula,  the  others  to  the  chest -tube  of  the 
manometer  and  to  the  aspirating  tube  respectively, 
both  of  these  being  clipped  fairly  close  to  the  Y-piece. 
To  obtain  pressure  readings,  and  when  oxygen  is 
being  introduced,  the  clip  on  the  chest-tube  is 
opened  ;  when  aspirating,  that  on  the  aspirating 
tube.  Both  clips  should  not  be  open  simultaneously. 
By  the  other  method  a  needle  is  attached  to  the 
chest-tube  of  the  manometer  and  a  trochar  and 
cannula  to  the  aspirating  tube ;  the  needle  is  used 
to  obtain  pressure  readings  and  to  introduce  oxygen, 
the  cannula  to  aspirate  only.  It  is  simpler  to  use 
the  trochar  and  cannula  alone.  The  needles  sup- 
plied in  aspirating  outfits  are  unsuitable  and  dan- 
gerous ;  a  moderately  fine  needle  with  an  obtuse 
point  is  essential.  The  trochars  and  cannulse  may 
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either  be  shouldered  and  split  or  plain.  The  former 
passes  through  the  tissues  more  readily,  and  when 
the  effusion  is  large  may  be  thrust  boldly  in.  The 
latter  should  be  used  if  the  effusion  is  not  very  large, 
or  if  the  puncture  is  being  made  low  in  the  thorax, 
when  there  may  be  risk  of  wounding  the  diaphragm  ; 
it  is  inserted  for  about  one  centimetre,  the  trochar 
is  then  withdrawn  and  the  cannula  alone  is  forced 
oh  until  the  pleura  is  felt  to  give  way  before  it.  In 
this  way  wounding  of  the  visceral  pleura  or  the 
diaphragm  is  avoided.  The  puncture  should  be 


FIG.  47.     Pneumothorax  trochar  and  cannula  (Riviere's) 
with  obturator. 


made  as  low  as  possible  in  the  pleural  cavity. 
However,  if  intrapleural  clotting  has  had  time  to 
occur,  the  eighth,  or  at  lowest  the  ninth,  interspace 
between  the  middle  and  posterior  axillary  lines 
should  be  chosen.  The  use  of  a  little  eucaine  and 
hemisene  solution*  (eucaine  2-1000,  hemisine 
1-100,000)  renders  the  operation  painless.  A  few 
drops  should  first  be  injected  subcutaneously  and 
then  the  needle  thrust  directly  into  the  chest-wall 
and  withdrawn  gradually  while  the  solution  is  slowly 
expelled.  By  this  means  the  pleura  is  anaesthetized 
and  any  danger  of  pleural  reflex  abolished. 

The  cannula  having  been  inserted  the  clip  on  the 
manometer  tube  is  opened  and  a  pressure  reading 


342  SURGERY  IN  WAR 

taken,  this  clip  is  then  closed  and  that  on  the  aspira- 
tor tube  opened  and  about  one  hundred  cubic  centi- 
metres of  fluid  withdrawn.  The  aspirator  tube 
is  then  closed,  the  manometer  tube  opened,  and 
another  pressure  reading  taken.  The  oxygen  bottles 
are  adjusted  to  give  a  slightly  higher  pressure 
reading  than  this,  the  clip  on  the  bxygen  tube  is 
opened  and  the  gas  allowed  to  pass  slowly  into  the 
chest.  The  flow  should  be  interrupted  occasionally 
by  pinching  the  oxygen  tube  and  a  pressure  reading 
taken.  When  this  corresponds  with  the  initial 
reading  the  oxygen  is  shut  off,  the  manometer  tube 
clipped,  and  another  hundred  cubic  centimetres  of 
fluid  withdrawn.  By  this  means,  alternately  with- 
drawing fluid  and  introducing  oxygen,  the  whole 
of  the  fluid  is  removed  without  affecting  the  intra- 
pleural  pressure.  There  may  be  difficulty  in  starting 
the  flow  of  oxygen  owing  to  the  cannula  and  terminal 
part  of  the  tube  containing  fluid.  This  is  overcome 
by  considerably  increasing  the  oxygen  pressure  thus 
clearing  the  cannula  and  tube,  and  as  soon  as  the 
flow  starts  lowering  the  pressure  again. 

CASE  NOTES 

Case  1.  Private  A ,  aged  18.  Rifle  bullet  at  a  range 

of  two  yards  entered  below  centre  of  right  clavicle,  wound  of 
exit  one  inch  to  right  side  of  second  dorsal  spine.  Seen  five 
minutes  after  ;  pulse  90  per  minute,  respirations  18  per  minute, 
no  cough.  Slight  pain  on  pressure  about  wound  of  exit  and 
on  moving  right  arm,  otherwise  comfortable.  Entire  absence  of 
shock.  Temperature  rose  to  102°  thirty-six  hours  later  and 
remained  between  100°  and  102°  for  four  days,  becoming  normal 
on  the  sixth  day.  There  was  a  little  consolidation  about  the 
wounds,  which  cleared  up  rapidly,  and  at  the  end  of  a  fortnight 
patient  was  up  and  about. 

Case  2.  Sergeant  F ,  aged  30.  Wounded  May  16,  1915, 

admitted  to  base  May  20.  Stated  that  he  had  considerable  pain, 


GUNSHOT  WOUNDS  OP  THE  CHEST   343 

cough,  and  haemoptysis  during  first  twenty-four  hours  after 
wound.  On  admission,  wound  of  entrance  between  fourth  and 
fifth  costal  cartilages  two  inches  from  right  border  of  sternum  ; 
no  wound  of  exit  but  a  piece  of  shrapnel  about  one  inch  by 
half  an  inch  lying  subcutaneously  by  right  side  of  fifth  dorsal 
spine.  There  was  some  cough  and  a  little  blood-stained 
sputum.  There  was  about  the  wounds  marked  dulness  as 
shown  in  shaded  area  in  diagram,  over  this  area  the  breath 
sounds  were  bronchial  in  type  but  faint  and  distant,  vocal 
resonance  was  diminished.  There  were  a  few  moist  sounds 
above  and  below  the  dull  area.  Progress  was  satisfactory  ; 


.  V 

FIG.  48.     Physical  signs  in  Case  2. 

the  sputum  diminished  rapidly  and  was  nil  by  the  26th.  Some 
impairment  of  resonance  remained  with  weak  breath  sounds 
which  became  vesicular  in  type.  Patient  was  discharged  to 
England  on  May  30. 

This  case  illustrates  localized  collapse  and  consolidation  with 
secondary  pleurisy.  .  • 

Case  3.  Corporal  H ,  aged  27.  Wounded  May  16,  1915, 

at  clearing  station  May  18.  Admitted  base  May  20.  Entrance 
wound  below  sixth  rib  in  right  mammary  line,  exit  wound 
over  sixth  rib  at  axillary  border  of  right  scapula.  On  admission, 
much  cough  with  copious  sputum,  viscid  yellow  and  mixed  with 
blood.  Dulness,  as  indicated,  absolute  for  heavy  shading,  with 
a  less  dull  band  above,  as  indicated  by  lighter  shading ;  over 
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absolute  area  breath  sounds  very  faint  distant  and  bronchial 
in  type,  vocal  resonance  and  fremities  absent  ;  over  less  dull 
band  breath  sounds  similar  but  not  so  distant  and  vocal  reson- 
ance faintly  heard.  No  aegophony.  Over  rest  of  side  resonance 
normal,  breath  sounds  and  vocal  resonance  normal,  added 
sounds  a  few  moist  rales. 


FIG.  49.     Physical  signs  in  Case  3  on  admission. 

May  26.  Exploring  needle  inserted,  seventh  space  below 
and  internal  to  exit  wound,  obtained  blood-stained  serum,  but 
aspirator  at  same  place  gave  one  ounce  only  of  fluid.  This 
was  sterile  on  bacteriological  examination. 


1 
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FIG.  50.-    Temperature  chart  of  Case  3.     Begins  on  fourth  day. 

May  30.  Breath  sounds  over  dull  area  returning,  some 
moist  sounds,  cough  only  on  changing  position. 

June  7.  Considerable  impairment  resonance  over  heavily 
shaded  area  (diagram)  and  breath  sounds  blowing  with  vocal 
resonance  much  increased.  On  re-examination,  after  patient 
had  been  lying  down  for  a  time,  dulness,  as  before,  but  breath 
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sounds  faint  and  distant  and  vocal  resonance  absent.  The 
cough  now  occurs  only  in  the  morning  on  first  sitting  up  when 
about  one  and  a  half  ounces  of  blood-stained  sputum  are 
expectorated.  In  this  case  there  was  consolidation  involving 
the  whole  of  the  lower  lobe  with  subsequent  cavity  formation 
at  the  base,  the  pleural  condition  masking  the  signs.  X-ray 
examination  showed  the  cavitation,  but  the  plate  is  not  suitable 
for  reproduction. 


J 


FIG.  51.     Physical  signs  in  Case  3  on  June  7. 

Case  4.     Corporal  M ,  aged  39.     Wounded  May  29,  1915. 

Admitted  base  June  10.  Stated  that  he  had  a  little  shortness 
of  breath  after  the  wound,  but  no  haemoptysis.  Wound  of 
entrance  lower  border  fourth  rib  two  inches  to  the  right  of 
midsternal  line,  no  wound  of  exit,  but  a  shrapnel  ball  is  lying 
subcutaneously  at  right  side  twelfth  dorsal  spine.  On  exami- 
nation there  is  slight  impairment  resonance  over  apex  posteriorly 
and  considerable  impairment  from  level  of  second  dorsal  spine 
increasing  downwards  and  becoming  absolute  towards  base, 
this  extends  forwards  into  the  axilla  and  corresponds  roughly 
to  outline  of  lower  lobe.  Very  marked  pleural  creaking  is 
heard,  loudest  above  level  of  eighth  dorsal  spine,  below  this 
level,  over  area  of  absolute  dulness,  it  is  heard  faintly.  An- 
teriorly there  is  slight  relative  impairment  of  resonance,  pleural 
creaking  is  well  marked.  Breath  sounds  are  masked  by  the 
creaking.  Vocal  resonance  much  diminished  posteriorly  and 
is  absent  below  level  of  eighth  dorsal  spine. 
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June  16.  Feels  much  better.  Cough  less ;  impairment 
resonance  less  ;  creaking  much  less  ;  breath  sounds  faintly 
heard. 

June  19.  Exploring  needle  introduced  in  eighth  space  in 
scapula  line,  no  fluid  found. 


FIG.  52.     Physical  signs  in  Case  4  on  admission. 

June  21.  Impairment  diminished  posteriorly  over  upper 
part,  it  does  not  become  marked  till  below  fifth  dorsal  spine. 
At  level  of  eighth  dorsal  spine  there  is  a  tympanitic  area,  as  in 


FIG.  53.     Temperature  chart  of  Case  4.     Begins  on  twelfth 
day  (June  10,  1915).     The  irregularity  between  June  18  and 
June  25  is  unusual  and  was  probably  due  to  suppuration 
occurring  under  pressure. 

diagram,  with  a  band  of  increased  impairment  above,  below 
this  the  dulness  is  absolute.  Breath  sounds  are  vesicular, 
above  level  of  eighth  dorsal  spine  vocal  resonance  onlv  slightly 
impaired  ;  over  tympanitic  area  breath  sounds  are  very  faint 


GUNSHOT  WOUNDS  OF  THE  CHEST   347 

but  vocal  resonance  is  increased,  below  tympanitic  area  breath 
sounds  and  vocal  resonance  absent.  Faint  pleural  creaking 
heard  generally. 

On  June  25  the  dulness  at  the  base  was  altered  in  quality, 
and  on  introducing  a  needle  blood  was  found.  This  was  re- 
placed with  oxygen.  There  was  an  immediate  improvement 
in  patient's  condition,  which  was  maintained  until  June  30, 
when  some  re-accumulation  of  fluid  was  found.  On  with- 
drawal this  was  dark  brown,  thick,  and  fsecal  in  odour  ;  on 


FIG.  54.     Physical  signs  in  Case  4  on  June  21. 

culture,  bacillus  aerogenes  capsulatus    and    streptococci   were 
found. 

On  July  2  patient  had  a  rigor.  A  portion  of  the  ninth  rib 
was  resected  and  about  a  pint  of  fluid  evacuated.  A  day  or 
two  /ater  a  slough  came  away,  which  proved  to  be  necrotic  liver 
tissue.  Subsequent  progress  was  good  and  patient  was  dis- 
charged to  England  on  July  16.  The  temperature  variations 
in  this  case  were  much  more  marked  than  usual. 


CHAPTER  XV 

THE  TREATMENT  OF  GUNSHOT  WOUNDS 
OF  PERIPHERAL  NERVES 

THERE  are  few  subjects  that  have  aroused  more 
interest  during  the  war  than  the  class  of  injuries 
that  is  the  subject  of  this  chapter.  A  large  pro- 
portion of  the  injuries  to  the  limbs  includes  some 
interference  with  the  nerve-supply,  these  ranging 
from  slight  temporary  shock  to  complete  destruc- 
tion of  some  portion  of  a  nerve  or  nerves. 

The  wound  wjiich  involves  injury  to  a  nerve, 
no  matter  how  slight  the  original  wound  may  be, 
becomes  a  serious  matter  to  the  soldier,  in  many 
cases  but  little  short  of  the  loss  of  the  limb  itself, 
and,  in  consequence,  the  necessity  for  the  correct 
treatment  being  instituted  at  the  outset  is  of 
very  great  importance. 

The  conditions  of  warfare  and  the  handling  of 
wounded  render  it  unavoidable  that  these  cases 
do  not  reach  the  hospitals,  where  they  can  readily 
be  dealt  with,  until  some  time  after  the  injury  has 
been  received.  It  is  not  that  the  transport  is  not 
as  perfect  as  possible,  but  the  wound  itself  and 
the  placing  of  the  soldier  in  such  conditions  as 
will  best  enable  him  to  recover  from  the  shock, 
loss  of  blood,  etc.,  and  consequent  exhaustion, 
make  it  difficult  for  the  injuries  to  be  studied  in 
their  earliest  form.  Moreover,  the  surgeon  must 
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first  see  to  the  removal  of  sepsis  from  the  wound 
and  the  repair  of  gross  destruction  of  the  tissues 
before  either  he  or  the  neurologist  is  able  to  in- 
vestigate the  case  from  the  point  of  view  under 
discussion.  The  enormous  number  of  hospitals 
dealing  with  war  surgery  render  it  impossible  that 
a  trained  neurologist  should  be  attached  to  every 
staff,  and  thus  it  happens  that  many  of  the  cases 
which  have  been  investigated  have  come  under 
notice  months  after  the  wound  has  been  received. 

It  is  too  frequently  considered  by  those  in  attend- 
ance on  the  wounded  that  the  important  part  in 
treatment  is  the  diagnosis  of  the  nerve  injured 
and  the  operative  procedures ;  the  case  being 
thereafter  handed  over  to  a  masseur,  and  seen 
only  occasionally.  But  it  cannot  be  too  strongly 
urged  that  the  operation  should  be  considered  only 
as  a  mechanical  step  in  the  process,  enabling  the 
further  stages  in  the  treatment  to  be  effectively 
carried  out. 

TYPES  OF  INJURY 

The  injury  to  a  nerve  may  be  of  many  degrees, 
and  it  is  difficult  to  arrange  a  suitable  classification. 
The  loss  of  continuity  may  be  : 
I.  Anatomical. 

(a)  Complete  division. 
(6)  Partial  division. 

II.  Physiological, 
(a)  Shock. 
(6)  Bruising. 

(c)  Involvement  in  scar-tissue. 

(d)  Adhesion  to  surrounding  facts. 
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Complete  division  involves  degeneration  in  the 
nerve  peripheral  to  the  injury.  The  other  conditions 
do  not  cause  complete  degeneration,  and  it  is  an 
infrequent  occurrence  for  this  condition  to  be  found 
at  operation. 

Even  in  cases  of  total  destruction  of  part  of  the 
nerve,  when  some  time  has  elapsed  since  the  injury, 
the  peripheral  portion  of  the  nerve  will  be  found 
firm  and  white,  the  nerve-fibres  having  grown  down 
from  the  proximal  and  through  the  bear-tissue,  or 
from  neighbouring  nerves  injured  at  the  same  time. 

In  nerves  suffering  from  the  shock  of  an  injury, 
recovery  may  be  looked  for  in  a  few  days,  and  once 
begun  the  paralysis  disappears  rapidly. 

A  bruised  nerve  may  develop  an  intraneural 
fibrous  patch  causing  a  paralysis  of  a  persistent 
nature  and  making  the  decision  as  to  the  necessity 
for  operation  a  difficult  one. 

Such  cases  may  cause  extreme  pain  from  irrita- 
tion later  in  their  history.  In  either  of  these 
conditions  the  nerve  may  be  subsequently  involved 
in  the  fibrous  tissue  of  the  scar,  and  finally  come 
for  operation. 

Partial  division  usually  involves  the  nerve  in  a 
mass  of  scar-tissue  and  adhesion  to  neighbouring 
structures.  These  cases  invariably  require  opera- 
tion. 

At  one  time  or  another,  wounds  of  almost  every 
peripheral  nerve  come  for  treatment,  those  most 
commonly  injured  being  the  musculo-spiral  and 
ulnar  in  the  arm,  and  the  great  sciatic  in  the  leg, 
but  for  the  present  purpose  no  advantage  can 
result  in  giving  their  frequency  in  any  one  series 
of  cases. 
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Of  projectiles,  the  rifle  bullet  appears  to  cause 
nerve  injury  most  frequently,  but  it  also  offers  the 
best  chance  to  the  soldier. 

There  is  in  this  injury  less  actual  destruction  of 
tissue,  and  there  is  not  the  same  tendency  for 
fragments  of  skin  or  clothing  to  be  carried  into 
the  wound.  Quite  frequently  these  wounds  heal  by 
first  intention.  The  bullet  appears  to  push  firmer 
tissues,  such  as  vein  or  artery,  out  of  its  path.  In 
the  case  of  a  rifle  bullet  passing  through  soft  tissued 
clear  of  bone  the  condition  of  the  nerve  anatomically 
may  be  hardly  altered.  The  effect  can  only  be  one  of 
shock  and  these  cases  are  those  which  commonly 
recover  without  treatment. 

COMPLICATIONS 

Sepsis.  This  will  be  dealt  with  when  surgical 
measures  come  to  be  considered. 

Bone  Injuries.  A  splintered  bone  receives  to 
each  of  its  fragments  a  velocity  imparted  by  the 
striking  force  of  the  projectile.  These  fragments 
are  scattered  in  every  direction,  and  any  of  them 
is  capable  of  causing  serious  injury  to  an  adjacent 
nerve,  and  the  bone  fragment  may  be  found  adherent 
to,  or  even  embedded  in,  the  nerve  itself.  This 
condition  is  most  common  in  injuries  of  the  upper 
arm  and  accounts  for  a  number  of  the  cases  of 
musculo-spiral  nerve  lesion. 

Adjacent  nerve  trunks  are  occasionally  injured 
by  the  broken  bone  in  simple  fracture  and  in  such 
cases  a  spicule  of  bone  may  be  pressing  on  or  dis- 
placing the  nerve.  When  a  bone  has  reunited,  the 
nerve  trunks  adjacent  may  be  caught  in  the  callus 
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and  strangled  ;  this  condition  again  is  most  common 
in  the  case  of  the  musculo-spiral  nerve. 

Injuries  to  Blood  Vessels  occasionally  complicate 
wounds  of  nerves,  most  commonly  in  brachial 
plexus  injuries. 

EXAMINATION  OF  A  PERIPHERAL 
NERVE  INJURY 

•In  examining  a  peripheral  nerve  there  are  several 
points  to  be  taken  into  consideration. 

(1)  Motor  Loss.  This  involves  the  examination 
of  voluntary  movement  in  the  limb.  The  loss  may 
be  the  result  of  (i)  paralysis  of  muscle,  (ii)  disuse, 
(iii)  functional  loss,  (iv)  the  result  of  scarring, 
(v)  contraction  of  muscles.  It  is  often  very  difficult 
to  detect  how  much  of  the  loss  of  power  is  due  to 
actual  paralysis,  and  in  a  wounded  limb  it  often 
happens  that  the  whole  of  the  limb  is  wasted  from 
simple  want  of  use.  Again,  there  are  many  cases 
in  which  gunshot  wound  is^followed  by  total  loss 
of  movement  in  the  limb  without  nerve  injury ; 
This  loss  may  be  circumscribed  and  may  only 
involve  one  movement,  but  that  it  has  often  led 
to  confusion  is  shown  by  the  fact  that  several  cases 
have  been  seen  where  no  actual  paralysis  of  muscle 
was  present,  but  which  had  been  under  treatment 
by  massage  for  months. 

These  can  be  differentiated  by  the  electrical 
reaction.  One  or  two  points  of  difficulty  suggest 
themselves  ;  an  arm  which  is  held  rigid  for  some 
time  loses  to  some  extent  its  normal  blood-supply, 
the  muscles  waste,  the  hand  becomes  blue,  and 
there  is  occasionally  slight  oadema  ;  but  it  is  usually 


WOUNDS  OF  PERIPHERAL  NERVES    353 

possible  to  persuade  such  a  patient  to  make  a 
voluntary  movement  in  resistance  to  one  made 
suddenly  in  the  opposite  direction,  and  commonly 
there  is  some  disparity  between  the  muscles  para- 
lysed and  the  area  of  skin  that  is  anaesthetic. 

(2)  Trophic  Changes.  The  results  of  throwing 
a  peripheral  nerve  out  of  action  are  to  be  seen,  in 
the  effects  on  the  growth  of  tissue  particularly  of 
the  nails,  hair,  and  skin.  This  is  often  best  seen 
in  cases  such  as  division  of  the  ulnar  nerve.  It  will 
be  found  that  the  nails  are  curved,  brown,  and 
brittle,  the  epidermis  becomes  heaped  up  under 
them,  the  hair  grows  more  rapidly  over  the  affected 
part,  and  it  will  sometimes  be  seen  that  desquama- 
tion  is  incomplete  and  that  the  whole  anaesthetized 
area  is  mapped  out  by  scales  of  the  epidermis 
which  have  remained  adherent  to  the  skin  beneath, 
just  as  accurately  as  if  it  had  been  carefully  charted. 

Trophic  ulcers  occur  over  anaesthetized  areas 
beginning  from  some  small  injury,  which  is  too 
easily  received  on  an  insensitive  area.  The  ulcers 
are  shallow,  inert  looking,  and  frequently  circular 
in  shape.  They  are  frequently  produced  by  the 
hand  being  placed  in  water  that  is  a  little  hotter 
than  usual ;  in  fact,  it  sometimes  occurs  that 
water  used  for  washing  purposes  that  is  only  com- 
fortably warm  for  the  normal  part  of  the  hand  will 
be  hot  enough  to  produce  a  blister  and  subsequent 
ulceration  on  that  part  of  the  hand  in  which  the 
pain  sense  has  been  destroyed.  These  ulcers  are 
slow  to  heal,  but  rapidly  disappear  with  the  re- 
covery to  prick.  The  only  treatment  of  them  is 
to  keep  them  protected  and  warm  and  free  from 
infection. 

23 
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(3)  Vasomotor  Changes.     In  irritative  conditions, 
sweating  over  the  affected  area  is  common.     Taking 
the  median  nerve  as  an  example,  it  will  often  be 
found  that  when  the  nerve  is  injured  the  hand 
becomes   red   and   sweats   continuously,   the   area 
thus  affected  being  almost  as  accurately  marked 
out  as  the  sensibility  to  prick,   and  it  has  been 
observed  that  half  the  ring  finger  may  be  moist 
where  the  other  half  is  quite  dry. 

(4)  Sensation.     The  presence  of  pain  or  tender- 
ness in  a  skin  area  supplied  by  a  nerve  should 
always  be  noted.     It  will  be  described  variously 
by    the    patient    himself    as    burning,    throbbing, 
aching,  etc.,  and  it  is  of  importance  when  consider- 
ing the  necessity  for  operation  and  will  be  dealt 
with  under  that  section. 

Loss  to  light  touch,  prick,  pressure,  heat,  and 
cold  should  be  carefully  examined  separately,  and 
any  differences  in  the  areas  involved  should  be 
noted.  These  differences  are  of  importance  from 
the  point  of  view  of  prognosis  and  will  also  be 
dealt  with  under  the  section  on  indication  for 
operation. 

METHODS  OF  DETECTING  EXTENT 
OF  INJURY 

Two  methods  are  available  for  detecting  the 
amount  of  injury  to  the  nerve  and  at  the  same 
time  more  or  less  defining  the  position  of  the 
lesion.  These  are  : 

A.  Electrical  Reactions  of  Muscles  or  Nerves. 
The  most  simple  apparatus  for  this  purpose  is  .the 
Lewis  Jones  set  of  condensers,  and  it  may  be  as  well 
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at  this  point,  to  describe  the  methods  employed  in 
using  the  condenser  apparatus.  This  instrument 
was  devised  as  a  means  of  giving  a  numerical  value 
to  the  amount  of  electric  discharge  necessary  to 
produce  contraction  in  a  muscle.  Hitherto  it  has 
been  necessary  to  depend  upon  the  results  produced 
by  the  galvanic  current,  and  our  only  values  were 
normal  reaction,  R.D.,  and  partial  R.D.  Lewis 
Jones'  instrument  gives  us  a  series  of  condensers 
of  varying  capacity.  The  essential  part  of  this 
is  the.  fact  that  any  one  can  be  discharged  through 
a  muscle  separately  and  comparisons  are  possible 
from  time  to  time  by  noting  the  condenser  discharge 
required  to  produce  muscle  contraction  in  any 
special  case.  It  is  possible,  moreover,  to  avoid  the 
personal  factor  in  testing  muscles  to  some  extent, 
and  observations  can  be  made  at  different  times 
by  different  observers  and  the  results  compared 
with  advantage.  The  position  for  the  electrodes  is 
precisely  the  same  as  that  used  for  testing  with  the 
galvanic  current,  and  it  has  been  found  advisable 
to  use  two  circular  electrodes,  one  large  and  one 
small.  The  smaller  one  should  be  placed  on  that 
part  of  the  muscle  where  the  contraction  is  expected. 

The  usual  precautions  in  testing  muscles  elec- 
trically should  be  observed. 

Place  the  part  to  be  tested  in  a  good  light,  and 
moisten  the  skin  with  warm  saline  solution,  both 
of  the  affected  limb  and  the  sound  limb  to  be  com- 
pared with  it. 

Observe  carefully  that  the  muscle  to  be  tested 
is  completely  relaxed. 

It  must  be  remembered  that  the  results  are  to  be 
compared  from  time  to  time,  and  that  the  treat- 
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ment  of  the  case  may  depend  upon  the  values 
obtained,  so  that  every  effort  should  be  made  to 
make  the  readings  as  accurate  as  possible. 

It  is  a  good  plan  to  use  a  condenser  of  high 
capacity  at  first,  and  if  a  reaction  is  noted,  to 
descend  gradually  to  the  lower  reading  on  the  scale 
until  the  contraction  in  the  muscle  is  only  just 
recognizable.- 

Any  O3dema  of  the  tissues  over  the  muscle  will 
obstruct  the  current  and  it  will  be  found  that 
immediately  after  a  limb  has  been  massaged  a 
muscle  will  give  a  lower  reading  than  when  the 
limb  has  been  at  rest  for  some  time.  The  amount 
of  conductivity  varies  in  each  patient  between 
narrow  limits,  and  it  is  advisable  for  this  and  other 
reasons  to  compare  readings  with  the  corresponding 
muscle  of  the  patient's  sound  limb  if  possible. 
Cold  is  another  factor  to  be  taken  into  consideration, 
and  on  a  cold  day  with  the  same  patient  the  reading 
will  be  higher  than  when  the  patient's  skin  is  warm 
and  moist.  Occasionally  it  happens  in  a  patient 
with  good  conducting  capacity  that  overflow 
reactions  into  sound  muscles  will  be  observed  ;  this 
increases  the  difficulty  when  single  muscles  have 
to  be  picked  out,  but  as  most  of  the  nerves  affected 
supply  a  group  of  muscles,  this  fact  does  not  cause 
difficulty  as  often  as  might  be  anticipated. 

The  reactions  given  by  the  muscles  that  should 
be  supplied  by  a  nerve  which  has  lost  physiological 
continuity  show  as  a  rule  a  very  definite  series  of 
readings,  and  this  is  particularly  noticeable  when 
massage  has  been  begun  at  an  early  stage  of  the 
condition.  The  muscles  retain  their  power  of 
contraction  for  some  considerable  time  after  their 


WOUNDS  OF  PERIPHERAL  NERVES    357 

nerve  supply  is  cut  off,  there  is  then  a  gradual  loss 
until  they  refuse  to  act  to  any  stimulus  on  the 
condenser  scale.  Then  ensues  a  long  period  during 
which  the  muscles  retain  this  inactivity,  while 
the  nerve  is  very  gradually  recovering  its  func- 
tions. After  a  varying  time,  usually  amounting 
to  three  or  four  months,  even  in  cases  where  the 
nerve  injury  is  slight,  reactions  can  be  obtained 
with  the  higher  condensers  on  the  scale,  and  then 
gradually  the  amount  of  current  required  to  pro- 
duce contraction  becomes  less  and  the  muscle 
eventually  responds  to  a  normal  stimulus. 

CASE  ].  Was  wounded  on  April  15,  1915,  by  a  rifle  bullet 
through  the  left  thigh.  He  was  examined  on  April  27  and  it 
was  found  that  he  had  complete  loss  of  voluntary  movement 
in  the  tibialis  anticus  group.  The  electrical  reactions  were  as 
follow : 

Tibialis  anticus  group,  microfarads. 

.      R.  L. 

Mayl -016  0-125 

May  11  ....  -016  0-25 

June  14          ....  -016  1 

Julyl -016  0* 

July  25  ....  -016  0 

September  22          .          .         .  -016  0-5 

November  4  .          .          .          .  -016  0-5 

On  July  25,  he  had  no  voluntary  movement  in  his  muscles 
and  foot  drop  was  complete.  During  all  this  time  careful 
massage  under  observation  was  continued,  and  he  was  given 
a  boot  with  an  uplifting  toe  spring  and  encouraged  to  walk. 
On  September  22  there  was  some  degree  of  voluntary  action  in 
the  muscles  of  this  group,  and  they  reacted  to  -5  microfarads. 
On  November  4  he  had  fair  voluntary  movement  of  the  tibialis 
anticus  and  was  able  to  walk  without  the  spring  with  some  degree 
of  comfort,  reaction  of  the  muscle  was  still  -5. 

*  Failed  to  respond. 
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An  operation  was  performed  on  July  12  and  it  was  found  that 
in  the  sciatic  nerve  over  its  upper  third  in  the  thigh  there  was 
a  hard  fibrous  patch  within  the  nerve  sheath,  involving  about 
one  quarter  of  the  nerve  bulk  and  about  the  size  of  an  orange 
pip.  As  the  nerve  was  quite  free  no  attempt  was  made  to 
remove  this  hard  patch  and  the  nerve  was  replaced  without 
being  protected  in  any  way. 

It  will  be  seen  that  the  results  given  by  the  con- 
denser are  more  valuable  than  any  demonstration 
of  reaction  of  degeneration. 

The  use  of  faradism  except  as  a  means  of  treat- 
ment has  been  to  a  great  extent  superseded,  but 
Leri  (Paris,  Medical,  June  26,  1915)  gives  the 
result  of  the  faradic  current  applied  to  traumatized 
nerves.  He  states  that  all  nerves  which  have 
fairly  conserved  their  normal  form  without  having 
been  either  sectioned  or  crushed,  almost  always 
retain  to  a  certain  degree  their  electrical  con- 
ductivity, even  if  they  are  enclosed  in  dense  fibrous 
tissue,  so  that  this  method  offers  a  means  of 
demonstrating  whether  a  nerve  is  completely 
divided  or  only  fibrosed  or  neuromatous. 

B.  Cutaneous  Reactions.  Where  a  cutaneous 
nerve  is  involved  there  are  certain  indications  to  be 
noted  in  the  cutaneous  sensibility  which  bear  very 
markedly  on  the  extent  of  the  lesion. 

Sensory  recovery  in  a  nerve  is  shown  first  of  all 
by  response  to  stimuli  at  the  outer  margin  of  the 
anaesthetic  area,  and  this  often  becomes  apparent 
as  a  hyperacuity  as  evidenced  by  over  reaction  to 
the  dragged  point  of  a  pin.  The  sensation  produced 
is  more  unpleasant  than  simple  prick  and  often 
radiates  over  the  affected  part  of  the  limb.  Such 
a  sensation  to  pain  stimuli  over  an  area,  previously 
insensitive,  can  usually  be  taken  as  a  sign  of  recovery. 
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That  this  is  not  invariably  the  fact,  the  following 
case  will  demonstrate. 

CASE  2.  The  patient  was  wounded  on  August  26,  1914,  by 
a  rifle  bullet  which  passed  through  the  left  thigh  at  the  junction 
of  upper  and  middle  third,  without  injuring  the  bone.  He  was 
imprisoned  in  Germany  until  he  was  exchanged  on  December  7; 
1915.  .He  stated  that  he  was  unable  to  feel  anything  on  the  outer 


FIG.    55.      CASE   2.      Loss  to  prick,  shaded  area ;  altered 

sensation  to  prick,  dotted  area ;  loss  to  touch,  warm  and 

cool,  and  compasses,  co-terminous  over  the  whole  of  both 

areas. 

side  of  the  leg  as  high  as  the  knee,  until  April  1915,  when  he 
began  to  notice  recovery.  When  admitted  he  had  apparently 
partial  recovery  in  the  cutaneous  nerves  derived  from  the  great 
sciatic.  (See  Chart.) 

Electrical  reactions  in  tibialis  anticus  group  were  : 

Right  leg,  -025  ;  left  leg,  2  microfarads. 

As  he  had  had  no  alteration  in  his  sensations  for  three  months, 
it  was  decided  to  explore  the  nerve. 
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At  operation  on  December  27,  1915,  it  was  found  that  the 
sciatic  nerve  was  completely  divided,  so  that  after  trimming  the 
cut  ends  there  was  a  gap  of  2  inches. 

It  is  probable  however  that  such  cases  are  rare. 


COMPASS  TEST 

The  ability  to  appreciate  the  touch  of  the  points 
of  a  pair  of  compasses  accurately  is  the  final  test 
of  recovery  in  a  nerve. 

Head  has  shown  that  the  normal  hand  can 
appreciate  the  difference  between  one  and  two 
points  applied  to  the  palm  transversely  when  they 
are  one  c.m.  apart. 

The  instrument  most  convenient  in  use  is  a 
simple  pair  of  compasses  with  the  points  blunt 
and  rounded  and  turned  downwards  to  a  right  angle. 
When  two  points  are  used  they  must  be  applied 
simultaneously. 

The  area  to  be  tested  is  touched  ten  times  with 
one  point,  and  ten  times  with  two,  each  being 
applied  at  random,  and  the  results  recorded,  so 
that  they  may  be  compared  from  time  to  time. 

Recovery  in  a  nerve  is  not  complete  until  this 
test  can  be  accurately  appreciated  by  the  patient. 

In  applying  the  tests  above  described,  it  cannot 
be  too  strongly  urged  upon  the  observer  to  take 
into  account  the  type  of  case  with  which  he  is 
dealing.  Sensibility  varies  within  comparatively 
wide  limits  in  normal  individuals  and  the  patient 
should  occasionally  be  made  to  compare  light 
touch,  for  instance,  near  the  affected  part  with 
the  same  stimulus  applied  to  the  same  part  of  the 
normal  limb. 
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In  examining  sensation  the  patient  should  be 
placed  behind  screens  so  that  he  is  not  distracted 
and  can  give  his  whole  attention  to  the  replies  that 
he  is  to  give.  Each  test  should  be  explained  to 
the  patient,  and  he  must  be  instructed  to  give 
some  simple  answer  to  each  stimulus  without  any 
question  being  asked  by  the  examiner.  He  should 
be  kept  warm,  he  should  be  free  from  any  dis- 
comfort, he  should  not  be  hungry,  and  he  should 
be  watched  to  see  that  he  is  not  being  fatigued 
by  the  examination.  This  is  especially  necessary 
in  testing  by  prick,  and  no  one  part  of  the  skin 
should  be  tested  too  frequently  as  this  will  produce 
nervousness  and  possible  anticipation  of  pain.  The 
mental  condition  of  the  patient  must  be  taken 
into  consideration,  and  a  highly  strung  patient 
will  often  give  the  impression  of  over-reaction 
where  one  more  phlegmatic  may  not  feel  the  prick 
at  all. 

Light  touch  should  be  tested  by  a  wisp  of  cotton 
wool  over  hairless  parts,  and  where  hair  is  present 
on  the  skin  the  necessary  area  should  be  shaved. 

Prick  should  be  tested  by  a  sharp-pointed  steel 
pin. 

INDICATIONS  FOR  OPERATION 

Hitherto  it  has  been  the  rule  in  treating  injuries 
to  the  limbs  to  insist  on  the  necessity  for  examining 
at  once  for  nerve  injury,  and  if  this  is  found  for 
performing  the  operation  of  primary  suture.  With 
the  class  of  injury  now  under  consideration  it  is 
generally  agreed  that  any  attempt  at  primary 
union  of  a  nerve  is  unwise  for  the  reason  that  the 
conditions  under  which  the  wound  is  received 
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render  it  almost  certain  that  some  degree  of  infection 
will  complicate  healing,  and  that  an  operation 
performed  at  once  will  probably  do  more  harm 
than  good.  This  much  is  generally  conceded  by 
all  observers.  The  further  indications  for  opera- 
tion have  been  the  subject  for  a  very  wide  con- 
troversy. One  or  two  points  stand  out  as  requiring 
consideration. 

It  is  of  the  first  importance  before  any  operation 
is  proceeded  with  that  all  sepsis  should  have  com- 
pletely disappeared.  After  the  wound  is  healed  it 
is  advisable  to  wait  a  certain  time  before  making 
any  further  breach  in  the  continuity  of  the  tissues. 
One  or  two  accidents  that  have  been  recorded  in 
which  infection  has  been  lighted  up  have  tended 
to  make  the  surgeon  cautious  of  operating  too 
soon.  Particularly  is  this  the  case  where  there 
are  any  fragments  of  metal  or  bone  lying  in  the 
tissues  and  especially  in  operating  upon  callus 
formation.  Experiments  to  prove  such  latent 
infectivity  are  being  earnestly  conducted,  and  the 
final  results  on  this  subject  have  not  been  recorded, 
but  it  is  without  doubt  wiser  to  err  on  the  side  of 
caution,  and  probably  if  a  month  is  allowed  to 
elapse  after  the  wound  has  healed,  the  danger  of 
such  an  accident  as  sepsis  will  become  negligible. 
The  single  exception  that  can  be  permitted  to  this 
rule  will  be  when  the  wound  has  been  caused  by  a 
rifle  bullet  which  has  not  injured  the  bone,  as  in 
that  case  the  amount  of  infection  from  the  beginning 
has  probably  been  slight. 

It  may  be  taken  as  a  general  rule  that  where  any 
doubt  exists  as  to  whether  a  nerve  is  injured  or  not, 
unless  there  are  very  strong  contra -indications,  an 
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operation  to  explore  the  nerve  should  be  under- 
taken. Such  an  operation,  if  skilfully  performed, 
cii-ii  cause  no  delay  in  eventual  recovery,  it  should 
mean  simply  that  the  patient  is  in  hospital  for  a 
further  fortnight  or  three  weeks,  and  both  the 
patient  and  the  observer  have  the  satisfaction  of 
knowing  exactly  the  condition  of  affairs  with 
which  they  are  dealing. 

Some  indication  as  to  recovery  of  the  nerve 
can  be  gained  from  changes  in  the  sensibility  of 
anaesthetized  areas.  First  of  all  the  reaction6*  to 
prick  alters  so  that  it  is  felt  as  a  radiating  pain 
as  has  been  already  described.  The  area  of  this 
change  may  be  simply  around  the  margins  of  the 
surface  previously  insensitive,  or  may  involve  a 
fairly  large  area,  such  as  the  greater  part  of  the 
palmar  surface  of  an  ulnar  injury,  while  the  back 
of  the  hand  remains  quite  anaesthetic  to  all 
stimulse.  As  the  recovery  progresses  these  over- 
sensitive areas  take  on  practically  normal  sensi- 
bility in  a  manner  that  will  presently  be  indicated, 
but  it  must  not  be  taken  for  granted  that  such  a 
hypersesthesia  definitely  proves  that  the  nerve  will 
go  on  to  complete  recovery.  It  has  often  been 
observed  that  in  such  cases  after  a  certain  amount 
of  recovery,  that  is,  the  over-reacting  areas  becoming 
normal,  there  will  remain  a  large  area  that  shows 
no  sign  of  recovery  at  all.  Whether  or  not  these 
areas  would  eventually  recover,  there  has  as  yet 
been  no  opportunity  of  deciding,  and  it  is  probably 
as  well  to  proceed  with  an  operation  in  these  cases 
so  that  valuable  time  shall  not  be  lost. 

The  further  recovery  of  an  anaesthetized  area 
proceeds  along  the  following  lines  :  Appreciation 
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of  extreme  heat  and  cold  returns  side  by  side  with 
that  of  prick,  and  gradually  appreciation  of  these 
two  stimuli  will  extend  over  the  whole  area. 
Commonly  the  patient  identifies  great  heat  and 
cold  not  as  heat  and  cold,  but  as  pain  often  radiating 
in  character.  Frequently  cold  will  be  called  as  hot. 

After  a  certain  time,  varying  in  each  case,  smaller 
degrees  of  variation  in  temperature  are  appreciated 
and  the  patient  can  detect  the  difference  between 
warm  and  cool. 

The  recovery  of  light  touch  proceeds  co-incidentally 
with  this  finer  appreciation  of  temperature. 

Compasses.  The  accurate  appreciation  of  this 
test  is  the  last  sense  to  return. 

Pain.  It  occasionally  happens  that  pain  in  a 
skin  area  supplied  by  a  nerve  is  so  intense  as  to 
be  quite  unbearable  to  the  patient.  Taking  the 
ulnar  nerve  as  an  example,  it  will  be  found  that 
the  area  of  ulnar  anaesthesia  is  complete,  but  that 
beyond  it,  spreading  over  the  palm  towards  the 
thumb  and  encroaching  on  the  area  supplied  by 
the  median  nerve,  there  will  be  a  skin  surface  of 
extreme  sensitiveness.  The  pain  is  so  intense  that 
the  patient  can  think  of  nothing  else  and  can 
obtain  no  relief.  Sleep  is  only  procured  by  artificial 
means. 

He  sits  up  in  bed  nursing  the  hand  and  arm  with 
an  anxious  expression  on  his  face.  He  looks 
haggard  and  careworn,  the  appearance  of  a  man 
who  suffers  continual  pain.  He  becomes  irritable 
and  neurasthenic.  His  fingers  on  his  affected  hand 
readily  take  up  a  claw  attitude,  and  he  resents 
any  attempt  to  examine  the  limb,  as  the  least 
touch  on  the  affected  part  will  send  a  sharp  pain 
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shooting  up  the  arm.  The  pain  can  sometimes  be 
mitigated  by  the  application  of  heat  or  cold,  but 
the  condition  of  the  patient  is  such  a  pitiful  one 
that  surgical  interference  in  these  cases  should  not 
be  delayed  ;  for  should  the  patient  suffer  thus  for 
many  days  his  nervous  system  will  be  so  strained 
that  it  will  take  weeks  of  careful  training  to  undo 
the  effect. 

Operative  Procedures.  This  part  of  the  subject 
has  naturally  received  more  attention  than  any 
other,  and  many  and  various  methods  of  dealing 
with  injured  nerves  after  they  have  been  exposed 
are  followed,  and  have  been  described  by  almost 
as  many  different  authorities.  It  is  a  matter  for 
regret  that  experience  so  far  has  been  with  a 
limited  number  of  cases,  that  is,  that  complete 
recovery  has  been  observed  in  so  few.  Recovery 
in  an  injured  nerve  is  so  slow  and  the  types  of 
injury  so  varied,  that  it  will  be  a  very  long  time 
before  the  final  decision  as  to  what  is  the  best 
treatment  can  be  arrived  at.  The  fact  probably 
is  that  there  are  many  ways  of  dealing  successfully 
with  the  conditions  as  they  are  found,  and  broad 
rules  for  procedure,  can  be  very  easily  laid  down. 
The  nerve  should  be  exposed  by  a  long  incision 
over  the  part  where  the  injury  has  been  located, 
the  operator  being  guided  by  the  position  of  the 
wound.  Care  should  be  taken  to  open  up  as  little 
of  the  recently  healed  wound  as  possible,  and  if 
the  nerve  can  be  reached  through  the  sound  tissues 
it  will  be  so  much  the  better.  The  nerve  should 
be  exposed  well  above  and  well  below  the  injured 
spot  and  its  macroscopic  appearance  noted. 

It  is  a  matter  for  surprise  that  in  so  many  cases 
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where  apparently  complete  anatomical  division  of 
the  nerve  has  taken  place,  the  peripheral  portion 
of  the  nerve  is  sound,  white,  and  firm.  This  is  no 
doubt  due  to  the  fact,  as  has  been  stated  above, 
that  so  many  of  the  cases  do  not  come  on  to  the 
operating  table  until  some  months  after  the  injury 
and  either  a  small  portion  of  the  nerve  is  intact 
or  else  time  has  been  given  for  nerve-fibres  to  grow 
down  through  the  fibrous  tissue  forming  the  scar. 

The  nerve  being  thus  exposed,  it  is  traced  down- 
wards and  upwards  towards  the  injured  part. 

To  simplify  this  there  has  been  devised  by  four 
German  surgeons*  a  method  of  distending  the 
nerve  by  endoneural  injection  of  a  novocain- 
suprarenin  solution  (one  minim  of  suprarenin  to 
every  10  c.c.  of  a  5  per  cent,  solution  of  novocain). 
The  injection  distends  the  nerve-trunk  and  partly 
helps  to  free  it  from  light  adhesions,  and  it  breaks 
down  any  strands  of  fibrous  tissue  that  may  have 
been  formed  within  the  nerve  itself.  Any  local 
constrictions  of  the  nerve  are  more  readily  observed 
and  can  be  divided,  and  they  maintain  that  even 
in  slight  injuries  small  endoneural  constrictions  are 
brought  into  view,  the  division  of  which  rapidly 
relieves  the  symptoms.  They  claim  further  that 
the  suprarenin  prevents  haemorrhage  and  con- 
sequently post -operative  adhesions,  and  after  dealing 
with  a  number  of  cases  they  came  to  the  conclusion 
that  no  harm  was  ever  produced  by  this  method. 
This  procedure  has  not  been  adopted  to  any  extent 
in  this  country,  but  is  worth  consideration. 

The  conditions  found  at  the  operation  vary  in 
almost  every  case,  and  it  seems  to  be  from  our 
*  Beitrage  zur  Klin.  Chir.,  1915. 
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present  experience  impossible  to  foretell  what  the 
condition  will  be.  Cases  occur  in  which  apparently 
mere  shock  has  produced  a  most  persistent  paralysis 
while  partial  recovery  will  often  follow  a  very 
extensive  destruction  of  the  nerve. 

In  dealing  with  individual  cases,  it  will  be  the 
most  simple  plan  to  consider  a  few  of  the  commoner 
conditions  met  with,  and  to  indicate  a  method  for 
the  treatment  of  each. 

(1)  The  apparently  uninjured  nerve  lies,  in  its 
normal  position,  close  to  damaged  tissues.     Examine 
the  nerve  carefully  for  any  local  constrictions,  and 
divide  these  with  the  scalpel.     Protect  the  nerve 
at  any  spot  where  the  sheath  has  been  opened  and 
replace  it,  joining  the  tissues  over  it  in  the  usual 
way. 

(2)  Where  a  small  mass  of  fibrous  tissue  occupies 
a  part  of  the  nerve,  with  or  without  adhering  to 
adjacent  structures.     Free  the  nerve  at  the  expense 
of  the  structure  to  which  it  adheres.     It  must  be 
decided  at  this  stage  whether  the  fibrous  patch  is 
to  be  allowed  to  remain  in  the  nerve,  or  if  it  should 
be  removed. 

The  decision  depends  on  the  proportion  of  the 
bulk  of  the  nerve  involved. 

To  dissect  a  small  mass  out  of  the  nerve  will 
probably  involve  a  greater  destruction  of  the 
nerve  substance  than  has  already  occurred,  and 
it  is  considered  by  many  authorities  advisable  to 
do  no  more  than  trim  off  any  frayed  portion  of  the 
nerve,  and  protect  it  in  the  way  found  most  applic- 
able to  the  position  of  the  injury. 

Probably  the  only  exception  to  this  rule  is  in 
cases  where  the  patient  has  much  pain,  when  it  is 
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best  to  divide  the  nerve,  and  after  removing  the 
affected  part,  to  perform  end-to-end  anastomosis, 
as  described  below. 

(3)  Where  the  injured  nerve  forms  part  of  a 
large  fibrous  mass.  The  dissection  of  the  nerve 
must  be  carried  as  far  as  possible,  because  a  large 
part  of  the  nerve  may  be  found  intact,  and  it  may 
be  possible  to  free  the  nerve  entirely  without  the 
need  for  any  division.  If  blunt  dissection  be  em- 
ployed the  destruction  of  nerve-fibres  need  not 
be  very  great,  and  if  the  Continuity  of  the 
nerve  can  be  preserved  the  greater  length  of  time 
occupied  by  the  operation  will  be  repaid  by  the 
much  greater  rapidity  of  the  recovery. 

The  freeing  of  a  nerve  or  nerves  from  surrounding 
fibrous  tissue  often  appears  to  be  one  of  the  most 
hopeless  tasks  that  a  surgeon  can  face,  and  it  very 
frequently  happens  that  other  important  structures 
near  the  nerve,  such  as  arteries,  etc.,  are  involved 
with  it.  As  an  example,  in  injuries  of  the  brachial 
plexus,  the  brachial  artery  and  vein  may  become 
involved  with  the  nerve  into  one  mass.  Should 
this  occur,  it  may  be  taken  for  granted  that  the 
artery  is  already,  to  some  extent,  occluded  and 
collateral  circulation  has  already  been  established, 
So  that  the  nerves  can  be  properly  dealt  with,  it  is 
better  to  sacrifice  both  artery  and  vein. 

It  will  occasionally  be  found  that  without  the 
nerve  actually  being  invaded  by  fibrous  tissue 
from  around  it,  a  fusiform  thickening  presents  itself, 
the  continuity  of  the  nerve  not  being  otherwise 
interfered  with.  It  has  been  suggested  that  longi- 
tudinal incisions  should  be  made  through  the  nerve 
sheath  overlying  the  part  affected,  and  the  nerve 
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simply  replaced  after  having  been  protected  from 
the  surrounding  parts.  It  yet  remains  to  be  seen 
whether  this  procedure  will  attain  its  object  of 
allowing  new  nerve-fibres  to  grow  along  the  sheath 
without  being  constricted  by  the  fibrous  tissue 
within  it. 

(4)  When  complete  division  has  occurred.  The 
nerve  will  be  found  to  lose  itself  in  a  mass  of  fibrous 
tissue.  The  proximal  portion  will  be  found  to  end 
in  a  bulb  of  growing  nerve  axons. 

Separate  both  the  cut  ends  as  far  as  the  nerve 
sheath  is  intact,  and  divide  them  transversely  so 
that  the  nerve-sheath  can  be  accurately  sutured  ; 
the  bulb  being  cut  off  from  the  proximal  end  until 
nerve  bundles  can  be  seen.  A  scalpel  must  be 
used  for  this  purpose  ;  scissors  will  crush  the  nerve. 

Free  the  ends  as  far  as  possible  either  way,  so 
that  approximation  is  complete  without  stretching. 

The  nerve-sheath  is  then  joined  so  as  to  produce 
exact  co-aptation,  and  for  this  purpose  it  is  necessary 
to  use  a  fine  round  needle  and  the  finest  catgut. 
This  must  be  chromicized  *if  there  is  any  liability 
to  tension.  The  nerve-sheath  is  picked  up  with 
fine-toothed  forceps  while  the  suturing  is  being 
carried  out. 

The  avoidance  of  stretching  the  nerve  is  of  the 
first  importance,  but  by  freeing  the  nerve  and  by 
flexing  the  limb  approximation  can  nearly  always 
be  secured. 

Should  this  prove  impossible,  however,  some 
method  of  nerve  implantation  must  be  used.  P 
has  been  demonstrated  that  it  is  not  necessary  foi 
function  to  be  re-established  that  the  peripheral 
end  of  a  divided  nerve  should  be  joined  to  the 

24 
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corresponding  proximal  end.  This  procedure  should 
be  adopted  in  preference  to  any  attempt  at  bridging 
the  nerve  as  it  is  considered  that  the  results  attend- 
ing the  latter  procedure  are  much  less  satisfactory. 

Hoffmeister  has  devised  a  method  for  using  an 
adjacent  nerve  as  a  bridge  between  the  ends  of  the 
divided  one.  The  axis  cylinders  will  find  their  way 
along  the  intermediate  nerve-sheath,  and  it  prevents 
the  necessity  for  uniting  a  muscle  with  a  foreign 
nerve-centre.  A  further  advantage  of  this  method 
is  that  the  nature  of  the  nerve  employed  has  no 
significance,  that  is,  it  may  be  either  sensory  or 
motor,  either  healthy  or  paralyzed. 

To  protect  a  nerve  after  it  has  been  subjected 
to  extensive  manipulation,  so  that  it  shall  not  be 
injured  by  ingrowth  or  contraction  of  fibrous 
tissue,  is  necessary,  and  many  different  methods 
have  been  devised  for  this  purpose. 

Substances  employed  include  subcutaneous  fat, 
fascia,  vein,  decalcified  bone,  and  cargile  membrane. 
Of  these  possibly  the  simplest  in  use  is  cargile 
membrane,  but  doubts  have  been  expressed  of  its 
power  of  protecting  a  nerve  adequately.  All  the 
methods  are  sufficiently  well  known  not  to  need 
elaborate  explanation.  The  fact  appears  to  be 
that  most  or  all  of  them  are  successful  in  the  hands 
of  those  who  have  practised  their  technique,  and 
the  surgeon  should  be  prepared  to  employ  that 
method  which  appears  to  be  most  suitable  for 
each  case. 

•    It  is  necessary  that  all  haemorrhage  should  be 
stopped  completely  before  a  wound  is  closed. 

Boldness  is  justifiable  in  operating  on  any  of 
these  lesions,  no  matter  how  severe  they  may  be. 
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Should  the  nerve  be  found  to  be  normal  or  nearly 
normal  no  harm  should  result  to  the  patient  beyond 
slightly  prolonging  the  length  of  time  he  is  in 
hospital,  with  the  advantage  to  be  gained  that 
those  who  are  treating  his  case  have  a  full  know- 
ledge of  his  condition,  and  can  give  him  a  more 
satisfactory  prognosis,  whereas,  if  the  lesion  is  a 
severe  one,  it  must  be  remembered  that  no  structure 
in  the  body  can  compensate  for  the  loss  of  the 
action  of  a  nerve ;  that  should  the  lesion  persist 
the  man's  condition  is  worse  than  if  he  had  lost 
a  limb,  possibly  after  months  of  heartbreaking 
effort  to  produce  a  good  result  by  those  who  are 
treating  him,  and  further,  that  we  are  as  yet  not 
completely  aware  as  to  what  capacity  there  is  for 
recovery  in  a  nerve  damaged,  as  we  sometimes  see 
it,  by  gunshot  wound.  It  is  as  well  not  to  raise 
the  hopes  of  the  patient  too  high  even  where 
recovery  appears  to  have  begun.  It  should  be 
explained  to  the  patient  that  even  after  restora- 
tion of  the  nerve,  so  far  as  surgical  means  can 
attain  their  object,  a  perfect  result  is  by  no 
means  certain.  An  operation  should  be  offered 
to  the  patient  as  the  sole  means  of  eventual 
recovery  with  the  confidence  that  improvement 
will  almost  certainly  follow. 

AFTER  TREATMENT 

Massage  and  Passive  Movements.  When  the 
patient  comes  under  observation,  and  after  opera- 
tion, treatment  should  be  begun  at  the  earliest 
possible  moment.  The  muscles  should  never  be 
allowed  to  waste.  A  wasted  muscle  is  liable  to 
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stretching,  and  this  can  become  very  pronounced 
even  in  a  few  days. 

By  vigorous  massage,  however,  the  muscle 
bundles  can  be  kept  elastic  even  when  the  nerve 
supply  has  been  temporarily  cut  off. 

In  dealing  with  male  patients  it  is  best  to  employ 
men  for  this  work  so  long  as  they  have  been  care- 
fully trained.  Manipulation  and  massage  are  often 
painful.  The  patients  are  usually  nervous  about 
themselves,  and  so  long  as  no  undue  violence  is 
exhibited,  the  less  sympathetic  masseur  produces 
the  best  result.  Should  the  patient  be  very  nervous 
it  is  sometimes  advisable  for  the  time  occupied  in 
massage  to  be  very  short,  say  five  minutes  for  the 
first  few  days,  and  if  possible  to  be  repeated  more 
than  once  in  the  day.  In  competent  hands,  the 
patient  will  spon  gain  confidence,  and,  if  necessary, 
the  medical  officer  who  is  watching  the  case  should 
be  prepared  to  be  present  and  direct  operations, 
so  that  the  patient  shall  not  feel  that  he  is  left  to 
one  who  is  unskilled. 

Passive  movements  should  be  employed  to 
prevent  the  formation  of  changes  in  the  joints. 
There  is  no  condition  so  difficult  to  cure  as  a  stiff 
joint,  so  that  the  passive  movements  should  be 
directed  towards  getting  as  full  a  range  of  move- 
ment as  possible.  It  is  necessary  to  add  that  the 
paralyzed  muscles  should  receive  practically  all 
the  attention.  A  little  light  rubbing  is  all  that  is 
necessary  to  keep  the  unaffected  muscles  of 
limb  in  order.  The  patient  himself  will  usually 
supply  all  the  movement  necessary,  by  opposing 
so  far  as  he  can  the  manipulation  of  the  masseur, 
and  it  must  be  remembered  that  in  opposing  sets 
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of  muscles,  where  one  set  is  paralyzed,  the  normal 
set  is  unopposed  so  that  contractions  in  this  group 
and  stretching  of  the  paralyzed  group  are  to  be 
expected  and  carefully  corrected. 

Splints.  Some  mechanical  means  of  preventing 
malposition  of  a  limb,  due  to  muscle  paralysis,  must 
be  one  of  the  earliest  considerations  in  treatment. 
In  dropped  foot  and  dropped  wrist  the  extensor 
muscles  tend  to  get  stretched  while  there  may  be 
a  corresponding  contraction  in  the  unopposed  flexor 
muscles.  In  the  case  of  dropped  wrist,  when 
massage  is  set  up  and  the  nerve  is  in  a  position  to 
recover,  no  very  great  harm  may  be  done  beyond  the 
fact  that  the  stretched  muscles  take  very  much 
longer  to  recover,  and  even  after  they  are  receiving 
nerve  stimuli,  paralysis  may  continue  for  a  -long 
time,  and  it  may  happen  that  recovery  in  the  end 
will  be  incomplete. 

In  musculo -spiral  paralysis  the  amount  of  dis- 
ability produced  is  not  so  great  as  totally  to  disable 
the  patient '  s  limb .  He  is  able  by  various  manoeuvres 
to  use  his  arm  for  many  different  purposes,  so  that 
the  nutrition  of  the  limb  in  this  condition  is  usually 
better  than  it  is  in  any  other  nerve  lesion. 

Foot-drop,  on  the  other  hand,  presents  a  much 
more  difficult  problem.  The  muscles  of  the  calf 
are  an  exceedingly  strong  group,  and  they  seem 
to  be  particularly  liable  to  contraction,  the  reasons 
for  this  may  possibly  be  found  in  the  fact  that  a 
patient  lying  in  bed  on  his  back  tends  to  have  his 
foot  pressed  down  into  a  position  of  equinus  by 
the  weight  of  the  bedclothes,  and  if  the  patient 
is  up,  with  an  unsupported  foot  hanging  pendent, 
the  position  of  equinus  is  one  that  it  naturally 
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assumes.  Should  this  be  permitted  it  is  a  difficult 
condition  to  correct,  and  it  may  be  even  necessary 
to  perform  tenotomy  of  the  tendo  achillis  before 
the  foot  can  be  placed  on  a  splint. 

The  splint  for  wrist-drop  does  not  need  to  be  in 
any  way  elaborate,  the  ordinary  birdcage  splint 
can  be  used,  and  it  is  placed  on  the  flexor  aspect 
of  the  arm  and  extends  to  the  finger  tips.  It  is 
bent  upwards  opposite  the  wrist  joint  to  an  obtuse 
angle  so  that  it  holds  the  hand  with  the  fingers 
extended  and  with  slight  over-extension  at  the 
wrist  joint.  As  will  be  foreseen,  this  support  is 
most  necessary  at  night.  During  the  day  the 
patient  can  keep  the  hand  in  a  sling,  and  if  he  is 
intelligent  it  can  be  explained  to  him  what  are 
the  -reasons  and  the  necessity  for  the  position 
indicated  being  maintained.  It  may  be  simply 
necessary  to  provide  an  apparatus  consisting  of 
a  strong  and  broad  leather  strap  around  the  wrist 
with  a  spring  arrangement  to  keep  up  the  fingers, 
this  acting  more  as  a  reminder  than  as  a  true 
splint,  but  the  more  cumbersome  arrangement 
should  be  worn  at  night  because  it  is  during  sleep 
that  a  limb  may  be  allowed  to  get  into  a  bad  position. 

Foot-drop  must  be  prevented  at  the  outset.  In 
the  early  stages,  when  the  patient  is  getting  about 
a  ward,  a  very  simple  arrangement  can  be  made 
to  satisfy  this  necessity.  It  consists  of  a  flat  piece 
of  light  wood  made  a  little  longer  than  the  foot  ; 
this  is  bandaged  on  to  the  sole  of  the  foot  so  that 
the  end  projects  beyond  the  toes  for  about  two 
inches.  Attached  to  this  front  end  are  two  pieces 
of  strong  rubber  tubing  ;  they  are  brought  upwards 
and  attached  to  the  front  of  the  leg  just  below 
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the  knee  by  strips  of  plaster  bound  around  it. 
They  should  be  just  tight  enough  to  keep  the  toes 
well  off  the  ground  in  walking.  A  patient  can 
hobble  about  on  this,  and  it  is  simple  and  in- 
expensive. Later,  when  he  begins  to  get  about 
outside  and  it  is  necessary  to  provide  for  outdoor 
exercise,  he  should  have  a  boot  specially  made  with 
an  uplifting  toe-spring.  With  this  apparatus  he 
can  soon  learn  to  take  long  walks  and  can  even  be 
sent  back  to  his  regiment  for  light  duty  as  soon  as 
he  begins  to  get  some  voluntary  power.  At  night- 
time any  splint  that  keeps  the  foot  in  the  right 
position  will  do,  but  it  will  be  found  that  what 
is  called  a  tin  night  shoe,  specially  made  for  the 
patient,  is  the  most  comfortable  to  wear,  and  it  has 
the  advantage  of  absolutely  preventing  any  mal- 
position. 

More  difficult  to  prevent  is  the  claw  hand  of 
ulnar  and  median  paralysis.  The  position  required 
to  protect  a  patient  from  this  deformity  is  one  in 
which  the  hand  is  extended  at  the  wrist,  flexed  to  a 
right  angle  at  the  metacarpo-phalangeal  joints,  and 
extended  at  the  inter-phalangeal  joints.  In  some 
cases  it  may  be  very  difficult  to  apply  a  splint 
because  of  the  tendency  to  oversensitiveness  in  the 
palm,  but  this  can  be  avoided  by  making  the  splint 
to  apply  to  the  back  of  the  hand. 

It  must  be  kept  in  mind  that  among  the  trophic 
changes  to  be  feared  are  those  involving  the  joints, 
and  it  is  advisable  that  the  splint  should  be  removed 
from  time  to  time  to  enable  the  patient  to  move  the 
fingers  about.  Indeed,  in  all  these  conditions  it  is 
advisable  to  teach  the  patient  to  make  a  habit  of 
manipulating  the  affected  joints  on  every  possible 
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occasion  so  as  to  help  the  circulation  in  the  limb 
and  to  prevent  muscle  adhesions. 

It  is  not  necessary  to  do  more  than  mention  that 
all  deformities  produced  by  the  gunshot  wound 
itself  should  be  corrected  in  an  appropriate  manner. 

Protection  of  the  Limb.  In  dealing  with  trophic 
changes  it  was  mentioned  that  the  limb  should  be 
protected  where  there  is  any  anaesthesia.  It  is  as 
well  to  mention  this  again  at  this  stage.  It  must  be 
remembered  that  a  paralyzed  limb  is  ill  nourished, 
it  is  generally  cold,  and  the  skin  is  more  liable  to 
small  injuries.  Care  must  be  taken  therefore  to 
prevent  splint  pressure,  to  keep  the  limbs  well 
covered  with  cotton-wool,  and  later,  when  the 
patient  begins  to  get  about,  further  means  of  keeping 
the  limb  warm  should  be  adopted.  In  the  case  of 
a  foot,  two  thick  socks  should  be  worn,  of  the  hand, 
a  fur  glove  is  advisable  in  cold  weather,  made  so 
that  the  fingers  are  not  separated  and  with  the 
fur  outside. 

Electrical  Treatment.  When  used  as  a  means  of 
restoring  nutrition  to  muscles  supplied  by  an  injured 
nerve,  the  electrical  measures  to  be  employed  will 
be  those  that  excite  contraction  in  the  paralyzed 
muscle.  For  maintaining  the  general  nutrition  of 
the  limb  the  interrupted  current  is  the  best,  but 
for  the  paralyzed  muscles  themselves  it  is  necessary 
to  apply  the  stimulus  to  which  they  will  respond,  and 
this  is  usually  the  constant  current.  As  previously 
indicated,  it  will  often  be  found  that  the  nerves 
which  have  been  only  bruised  or  partly  divided, 
or  in  which  nerve  conductivity  has  been  maintained 
by  any  means,  will  transmit  electrical  stimuli  to 
the  muscles  they  supply  for  a  long  time.  The 
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course  which  such  an  injury  follows  will  be  first  of 
all  a  period  during  which  the  muscles  will  respond 
to  both  galvanic  and  faradic  currents.  After  a 
varying  interval  the  muscles  will  be  found  to  have 
lost  their  power  of  contracting  to  the  interrupted 
current  and  will  only  respond  slowly  to  the  constant 
current.  If  the  nerve  has  been  sufficiently  injured 
the  muscles  will  go  a  further  stage,  and  they  will 
not  respond  at  all.  Almost  inappreciably  their 
excitability  will  return  and  this  will  gradually 
increase  until  the  muscle  responds  briskly  to  both 
stimuli.  It  is  of  the  greatest  importance  that 
electrical  stimulation  should  be  persisted  in  through- 
out the  whole  of  this  period,  and  even  if  there  is 
no  visible  response  from  the  muscle,  yet  the  electric 
current  should  be  used  to  keep  up  nutrition  in  the 
whole  limb. 

As  soon  after  operation  as  thejjsurgical  necessities 
of  the  case  will  permit,  this  electrical  treatment 
should  be  begun  on  those  parts  of  the  limb  that  are 
available.  It  will  often  be  found  that  the  patient 
will  dread  anything  like  a  strong  stimulus  to  a  limb 
which  has  recently  been  subjected  to  surgical 
operation,  and  it  is  as  well  at  the  beginning  to  use 
a  small  hand  battery  and  gradually  to  accustom 
the  patient  to  the  current  by  starting  it  through 
the  hands  of  the  masseur  who  is  giving  him  mani- 
pulation. Treatment  begun  thus  early  will  tend 
to  hasten  recovery  in  the  wound,  and  so  long  as 
these  procedures  are  unattended  by  any  violence 
they  can  do  no  harm  to  any  of  the  recently  severed 
structures. 

Later  in  the  treatment,  when  the  patient  is  well 
accustomed  to  the  muscle  contraction,  the  current 
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should  be  given  strong  enough  to  provoke  definite 
movements  in  that  part  of  the  limb  which  is  nor- 
mally acted  upon  by  the  group  of  muscles  receiving 
the  stimulation. 

The  treatment  should  stop  short  of  producing 
fatigue  or  pain,  and  unless  the  operator  who  is 
carrying  out  the  work  can  be  trusted  to  observe 
the  patient,  it  is  advisable  to  limit  the  application 
to  a  specified  time,  and  to  graduate  the  dose  by 
watching  the  patient  once  or  twice  under  treatment. 
For  very  obvious  reasons  it  is  advisable  to  take 
special  care  that  the  patient  is  neither  hurt  nor 
frightened  ;  there  can  be  no  doubt  that  a  patient 
to  whom  the  treatment  is  unpleasant  will  receive 
harm  rather  than  good. 

Apart  from  being  used  as  a  means  of  stimulating 
the  paralyzed  muscles,  other  applications  of  the 
electric  current  will  suggest  themselves  in  their 
place  and  need  not  be  more  than  mentioned. 

High  frequency  discharge  has  a  good  effect  in 
some  cases,  and  will  be  found  valuable  as  a  stimulus 
to  anaesthetized  skin  areas. 

lonisation  should  only  be  used  in  the  hands  of 
those  who  are  experts,  but  its  value  should  not  be 
overlooked.  Where  a  nerve  has  become  involved 
in  fibrous  tissue,  this  can  often  be  softened  by  the 
application  of  chlorine  ions  out  of  sodium  chloride 
applied  over  the  scar.  Pain  should  be  treated  by 
salicylates  and  so  on. 

Heat  and  Light.  A  course  of  applications  of  a 
heat  and  light  bath  will  be  found  of  value  in  cleaning 
up  the  skin  over  a  paralyzed  limb  and  encouraging 
skin  action.  This  again  should  be  carefully  watched 
so  that  there  should  be  no  risk  of  the  skin  being 
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burned.  The  applications  should  be  given  as  a 
course  of,  say,  three  or  four  baths  and  then  dis- 
continued to  be  repeated  later  on  if  necessary,  and 
should  proceed  concurrently  with  the  electrical 
treatment  and  massage. 

Psychical  Treatment.  A  patient  suffering  from 
the  type  of  injury  under  discussion  is  prone  to 
mental  disorders  of  various  types.  He  may  lose 
heart  in  a  treatment,  and  the  slow  progress  that 
these  injuries  invariably  present,  he  may  develop 
paralysis  of  a  whole  limb  when  the  injury  involves 
only  one  part  and  he  may  develop  cutaneous 
anaesthesia  of  the  glove  or  stocking  variety. 

When  these  latter  functional  disabilities  overlie 
a  genuine  nerve  lesion  it  is  often  difficult  to  separate 
them  and  to  decide  which  part  of  the  disability 
belongs  to  each.  Various  methods  of  differentia- 
tion will  suggest  themselves. 

The  patient  must  be  encouraged  to  take  an 
interest  in  the  progress  of  his  own  case  ;  he  must 
be  made  to  feel  that  every  endeavour  is  being  made 
by  those  about  him  to  produce  the  best  results 
possible,  and  he  must  be  told  that  he  will  materially 
aid  these  endeavours  by  his  own  co-operation. 
Any  return  of  sensibility  or  of  muscle  excitability 
should  be  discussed  with  him  and  used  as  a  means 
of  encouraging  him  to  keep  an  active  interest  in 
his  progress.  It  may  be  advisable  for  the  method 
of  treatment  to  be  slightly  changed.  For  instance, 
he  should  be  occasionally  given  a  little  high  fre- 
quency treatment,  and  an  occasional  light  bath 
will  help  to  break  the  monotony  of  the  ordinary 
massage. 

It  must  be  remembered  that  the  massage  and 
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electrical  treatment  given  day  after  day  with 
apparently  little  result  becomes  very  wearisome  to 
both  the  patient  and  the  masseur  in  attendance,  so 
that  where  it  is  possible  a  change  in  the  masseur 
conducting  the  case  may  be  an  advantage. 

It  will  be  found  that  a  degree  of  re-education  of 
the  movements  of  the  limb  will  be  necessary  towards 
the  end  of  treatment.  The  patient  may  have 
completely  lost  the  function  of  movement  in  a 
limb,  and  this  condition  has  frequently  come  under 
notice  where  patients  have  had  a  very  slight  injury 
to  a  nerve  and  where  recovery  has  been  compara- 
tively rapid.  A  patient  will  state  his  absolute 
inability  to  perform  some  set  of  movements.  If 
functional  loss  is  suspected  it  is  as  well  to  put  the 
affected  limb  side  by  side  with  the  sound  limb  in 
view  of  the  patient.  He  should  then  be  directed 
to  make  the  necessary  movements  with  the  sound 
limb  and  to  attempt  to  imitate  them  with  the 
apparently  paralyzed  side.  Should  this  not  prove 
successful  a  contraction  can  often  be  stimulated 
in  the  muscle  by  performing  some  passive  movement' 
of  the  limb  opposing  the  action  of  the  apparently 
flaccid  muscles.  This  will  often  evoke  a  contrac- 
tion in  this  group  of  muscles,  and  it  should  be 
pointed  out  to  the  patient  and  the  condition 
explained  to  him  as  well  as  possible. 

By  these  means  the  patient's  co-operation  can 
be  obtained,  and  the  results  from  this  individual 
treatment  will  amply  repay  the  slight  extra  trouble 
involved. 

As  voluntary  power  returns  the  patient  should 
be  watched  for  movements  which  leave  the  re- 
covering muscles  unused,  and  he  should  be  made 
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to  perform  the  movements  correctly ;  walking 
before  a  long  mirror,  exercises  which  involve  move- 
ments of  both  limbs  at  once,  and  so  on. 

Surroundings.  It  goes  without  saying  that  all 
cases  of  disease  should  be  nursed  under  the  best 
possible  surroundings,  but  this  is  true  of  recovering 
nerve  lesions  to  a  very  great  degree.  The  period 
of  convalescence  is  so  long,  and  the  patient  so  much 
thrown  upon  resources  other  than  his  usual  occupa- 
tion for  entertainment,  that  he  runs  the  risk  of 
becoming  morbidly  introspective  and  neurasthenic 
unless  his  surroundings  are  cheerful. 

The  patient  should  be  nursed  in  light  airy  wards 
and  for  most  cases  wards  are  preferable  to  private 
rooms.  Fresh  air  is  essential,  and  as  soon  as  the 
patients  are  well  enough  to  go  out  they  should  be 
kept  out  of  doors  as  much  as  possible.  Probably 
the  seaside  suits  the  majority  of  cases  best,  and 
there  is  more  entertainment  usually  to  be  found  at 
the  sea  than  anywhere  inland. 

The  effects  of  poor  food  and  bad  surroundings 
have  been  recently  exemplified  by  a  number  of 
cases  of  nerve  lesions  which  have  occurred  in  men 
recently  returned  from  German  prisons.  Not  only 
have  they  not  been  able  to  take  anaesthetics  well, 
but  the  extent  of  recovery  seems  to  have  been 
slower  in  their  cases  by  some  months  than  cases 
of  similar  injury  received  approximately  at  the 
same  time  which  have  been  nursed  in  England. 

Prognosis.  It  must  be  conceded  from  the  be- 
ginning that  we  do  not  know  what  the  end  result 
will  be  in  any  given  case  of  peripheral  nerve  injury. 
Our  experience  is  not  large  enough  to  be  able  to 
give  an  opinion  as  to  how  far  a  patient  will  get 
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return  of  function  in  a  limb,  and  we  have  not  yet 
had  time  to  see  enough  completed  results,  so  that 
those  cases  in  which  there  appears  now  to  be  a 
large  residue  of  loss  may  slowly  recover  and  give 
quite  good  results  in  the  end.  In  cases  where  there 
has  not  been  complete  division  of  the  nerve  and 
where  the  nerve  is  only  partly  divided  and  not 
seriously  involved  in  scar  tissues,  we  can  speak  quite 
boldly  and  promise  in  all  such  cases  a  successful  after 
result.  If  a  nerve  has  been  divided  it  is  not  possible 
to  speak  positively ;  recovery  in  such  cases  is 
very  slow  and  appears  almost  invariably  to  leave 
some  slight  disability  behind  it.  The  same  will 
probably  prove  to  be  true  of  nerve  implantations. 

Where  there  has  been  much  scarring  and  con- 
sequent involvement  in  fibrous  tissue,  we  are  treading 
on  still  more  difficult  ground  in  giving  a  prognosis. 
It  may  be  that  in  a  large  number  of  these  cases  the 
contraction  of  the  scar  will  overcome  all  our  means 
of  protection,  or  that  the  nerve,  being  fastened  down, 
will  be  dragged  upon  as  soon  as  the  patient  returns 
to  his  military  duties  or  his  ordinary  avocation, 
tending  to  cause  degeneration  again  in  the  nerve 
a  nd  leading  to  neuritis  and  painful  scar.  This  much, 
however,  is  certain,  that  bold  measures  are  justified 
in  dealing  with  these  cases.  It  can  always  be 
promised  to  the  patient  that  surgical  interference 
can  do  no  harm  and  will  in  most  cases  do  good. 
Even  if  only  partial  function  is  restored  to  a  limb 
that  has  suffered  such  an  injury,  the  patient  will 
almost  certainly  be  better  off  than  he  would  be 
with  the  limb  amputated.  The  worst  results  may 
be  looked  for  in  those  cases  which  have  suffered 
neglect,  in  which  the  muscles  have  been  allowed 
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to  waste  and  serious  contractions  and  deformities 
have  been  allowed  to  occur.  Such  cases  require  a 
guarded  prognosis,  but  even  in  these  it  is  remark- 
able how  much  they  can  be  restored  by  intelligent 
treatment,  and  it  must  be  said  that  with  the  better 
organization  of  our  medical  service  such  a  disaster 
is  now  rare. 

It  is  advisable  that  careful  records  should  be  kept 
of  each  case  so  as  to  show  progress  or  otherwise 
at  least  once  a  month.  Recovery  is  often  dis- 
appointingly slow,  and  we  do  not  yet  know  what 
our  final  results  will  be,  but  those  we  already  have 
point  to  a  large  measure  of  success,  and  there  is 
not  a  case  coming  under  observation  which  need 
be  despaired  of.  Possibly  as  time  goes  on  it  may 
be  advisable  to  alter  some  of  our  procedure,  more 
especially  the  surgical  treatment,  and  it  may  be 
that  many  cases  upon  which  we  operate  now  will 
be  shown  to  have  a  good  chance  of  recovery  without 
surgical  interference,  but  until  such  time  as  we  are 
in  a  position  to  review  a  greater  number  of  cases 
it  is  better  to  operate  too  frequently  than  to  leave 
cases  unexamined. 
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secondary  amputation,  282 
treatment  of  effusion,  270 

superficial  wound,  269 

LYMPH,  lavage,  13 


after-treatment  of  injuries  to,  371 
compass  test,  360 
complication  of  injuries  to,  351 
cutaneous  reactions,  358 
electrical  treatment  of,  376 
examination  of  peripheral  nerve  injury,  352 
heat  and  light  treatment  of,  378 
indications  for  operation,  361 
massage  and  passive  movement,  371 
methods  of  detecting  extent  of  injury,  354 
operative  procedures,  365 
prognosis  in  injuries,  381 
protection  of  limb  in  injuries  to,  376 
psychical  treatment  of,  379 
splints  used  in  injuries  of,  373 
treatment  of  gunshot  wounds  of,  348 
types  of  injury,  349 

PATELLA,  comminuted  fractures  of,  280 
Pericarditis,  333 

Pleurisy,  on  the  unwounded  side,  332 
Pneumonia,  acute,  331 
Pneumothorax,  322 

partial,  324 
Pneumohsemothorax,  324 

SALINE  SOLUTIONS, 

hypertonic,  theory  of  method,  72 
normal,  theory  of  methods,  75 
methods  of  use,  76 
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Salt  sac,  making  of,  61 
Shock,  16 

prevention  of,  18,  25 
Shoulder  joint, 

injuries  to,  282 

wounds  of,  with  extensive  damage  to  bone,  283 
Skull, 

fracture  with  depression,  165 

with  injury  to  blood  sinuses,  170 

with  injury  to  dura  mater,  167 

with  injury  to  dura  and  foreign  body  in 

brain,  169 

injury  to,  with  no  signs  of  depressed  fracture,  164 
operations  for  removal  of  depressed  fragments  of  bone, 

187 

at  later  stage,  192 

wounds  of,  cases  operated  on  at  early  stage,  187 
Spine, 

foreign  bodies  within  the  spinal  theca,  224 
injuries,  localization  of,  227 

not  perforating  the  spinal  theca,  218 
operations  upon,  226 

with  penetration  of  dura,  222 
pressure  on  spinal  theca  by  missiles,  220 
spinal  cord,  concussions  of,  218 

haemorrhage,  221 
wounds  of,  causing  total  loss  of  conductivity  of  cord,  224 

where  there  is  evidence  of  conductivity,  225 
Splints, 

abduction  frame  of  Major  R.  Jones,  131 
choice  of,  129 
Staphylococci,  3 
Streptococci,  3 
Subdural  haemorrhage,  175 

TETANUS, 

antitoxin,  7 

dosage,  8 

duration  of,  protected  by,  9 

intrathecal  administration  of,  8 

intravenous  administration  of,  9 

prevention  of,  67 
toxin,  6 
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Tetanus, 

toxin,  effect  on  nerve-cells,  7 

treatment  of,  69 

Trephining  in  wounds  of  head,  163 
Transport  of  wounded,  24 

VACCINES,  use  of,  15 

WOUNDS, 

bath  treatment  of,  48 

of  head,  treatment  of,  160 

closure  of  scalp,  190 

drainage,  44 

dressing  of,  63 

hypertonic  treatment  by  solid  salt  method,  58 

irrigation,  45 

open  treatment  of,  48 

saline  irrigation  treatment,  53 

septic,  treatment  of,  by  excision,  48 

treatment  of,  by  saline  solutions,  70 

lactic  acid  in,  13 

permanganate  of  potash  in,  14 
Wrist  joint, 

wounds  of,  288 
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